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Safety Summary

Terms

In This Manual

As Marked on
Equipment

Symbols

In This Manual

The general safety information in this part of the summary is for both operating
and servicing personnel. Specific warnings and cautions will be found throughout
the manual where they apply, but may not appear in this summary.

CAUTION statements identify conditions or practices that could result in damage
to the equipment or other property.

WARNING statements identify conditions or practices that could result in personal
injury or loss of life.

CAUTION indicates personal injury hazard not immediately accessible as one
reads the marking, or a hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immediately accessible as one reads
the marking.

Static-Sensitive Devices.

This symbol indicates where applicable cautionary or other information is

A to be found.
As Marked on ; DANGER — High Voltage.
Equipment
@ Protective ground (earth) terminal.
A ATTENTION — refer to manual.
vi 11401 and 11402 Extended Service Manual
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Safety Summary

Warnings

Power Source

Grounding
the Product

Danger Arising from
Loss of Ground

Do Not Operate
in Explosive
Atmospheres

Do Not Service Alone

This product is intended to operate from a power source that will not apply more
than 250 V rms between the supply conductors or between either supply conduc-
tor and ground. A protective ground connection, by way of the grounding conduc-
tor in the power cord, is essential for safe operation.

This product is grounded through the grounding conductor of the oscilloscope
power cord. To avoid electric shock, plug the power cord into a properly wired
receptacle before connecting to the product input or output terminal. A protective-
ground connection, by way of the grounding conductor in the power cord, is es-
sential for safe operation.

Upon loss of the protective—ground connection, all accessible conductive parts (in-
cluding knobs and controls that may appear to be insulating), can render an elec-
tric shock.

To avoid explosion, do not operate this product in an atmosphere of explosive gas-
ses.

Do not perform internal service or adjustment of this product unless another per-
son capable of rendering first aid and resuscitation is present.

Use Care When Dangerous voltages exist at several points in this product. To avoid personal in-
Servicing with jury, do not touch exposed connections and components while power is on.
Power On
Disconnect power before removing protective panels, soldering, or replacing com-
ponents.

Crt Hand]ing Use care when handling a crt. Breakage of the crt causes a high—velocity scattering
of glass fragments (implosion). Protective clothing and safety glasses should be
worn. Avoid striking the crt on any object which might cause it to crack or implode
When storing a crt, place it in a protective carton or set it face down in a protected
location on a smooth surface with a soft mat under the faceplate.

Use the Proper Fuse To avoid fire hazard, use only a fuse which is identical in type, voltage rating, and
current rating to the fuse specified in the parts list for your product.

11401 and 11402 Extended Service Manual vii
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Section 1
General Information

This section gives all the information needed to apply power to the 11401/11402 Digitizing Oscilloscope.

Information on operating voltage and power cord needs, as well as environmental conditions such as operating
temperature and ventilation requirements, is included here.

Operating Power Information

This instrument can be operated from either a 115 V or 230 V nominal supply source, 48 to 440 Hz. The 6-
ampere, 250 V line fuse is used for both 115 V and 230 V operation.

WARNING

AC POWER SOURCE AND CONNECTION. The 11401/11402 operates from a single-phase power source. It has
a three-wire power cord and two-pole, three-terminal grounding type plug. The voltage to ground (earth) from either
pole of the power source must not exceed the maximum rated operating voltage, 250 volts.

Before making connection to the power source, check that the 11401/11402 LINE VOLTAGE SELECTOR is set to
match the voltage of the power source, and has a suitable two-pole, three-terminal grounding-type plug.

GROUNDING. This instrument is safety Class 1 equipment (IEC designation). All accessible conductive parts are
directly connected through the grounding conductor of the power cord to the grounded (earthing) contact of the
power plug.

The power input plug must be inserted only in a mating receptacle with a grounding contact where earth ground has
been verified by a qualified service person. Do not defeat the grounding connection. Any interruption of the
grounding connection can create an electric shock hazard.

For electric shock protection, the grounding connection must be made before making connection to the instrument’s
input or output terminals.

11401/11402 Extended Service Manual 1-1
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Gencral Information

TABLE 1-1
Power-Cord Conductor Identification

Conductor Color Alternate Color
Ungrounded Brown Black
(Line)
Grounded Light Blue White
(Neutral)
Grounded Green/Yellow Green
(Earthing)

Power Cord Information

A power cord with appropriate plug configuration is supplied with each 11401/11402. Table 1-1 gives the
color-coding of the conductors in the power cord. If you require a power cord other than the one supplied, refer
to Table 1-2, Power-Cord and Plug Identification.

Operating Voltage

The LINE VOLTAGE SELECTOR (located on the rear panel) allows you to select 115 V or 230 V nominal line-
voltage operation. The same line fuse is used for both 115 V and 230 V operation.

11401/11402 Extended Service Manual



General Information

Memory Backup Power

A self-contained power source within the 11401/11402 allows the retention of volatile memory upon loss of the
ac power source. The self-contained power source provides memory backup power which stores the last
selected front- and crt touch-panel settings of the mainframe and plug-in units. Waveforms stored in memory
are not retained. The self-contained power source also supplies power to the IC that generates the Time/Date
parameters, and records the hours of instrument on-time and the number of power-up sequences.

The self-contained power-source has a nominal shelf life of approximately five years. Partial or total loss of
stored settings upon power-up may indicate that the power source needs to be replaced.

Operating Environment

The following environmental requirements are provided to ensure proper operation and long instrument life .

Operating Temperature

The 11401/11402 can be operated where the ambient air temperature is between 0° and +50°C and can be stored
in ambient temperatures from -40° to +75° C. After storage at temperatures outside the operating limits, allow
the chassis to reach the safe operating temperature before applying power.

Enhanced system accuracy is available after a 20-minute warmup period. After entry into Enhanced accuracy,
the instrument will revert to Not-enhanced accuracy if the internal mainframe temperature changes more than
5° C.

11401/11402 Extended Service Manual 1-3



General Information

Ventilation Requirements

The 11401/11402 is cooled by air drawn in through the side panels of the instrument by the fan and blown out
through the rear. To ensure proper cooling of the instrument, allow at least two inches clearance on both sides
and the rear of the instrument. The top and bottom of the instrument does not require ventilation clearance.

CAUTION

If air flow is restricted, the instrument s power supply may temporarily shut down.

TABLE 1-2
Power-Cord and Plug Identification

Plug Usage Reference
Configuration (Max Rating) Standards & Option #
Certification
1ANSI C73.11
North American 2NEMA 5-15-P Standard
125V/6A 3IEC 83
10yL
11csa
4CEE (7),
European ILIV, VIl Al
220V /6A 31EC 83
8VDE
9SEMKO
United Kingdom SBSI 1363
240V/6A 3IEC 83 A2

14
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General Information

TABLE 1-2 (cont)
Power-Cord and Plug Identification

Plug Usage Reference
Configuration (Max Rating) Standards & Option #
Certification
Australian 6ASC112 A3
240V/6A 12gT5A
1ANSI C73.20
North American 2NEMA 6-15-P Ad
250V/10A 3IEC 83
10yL
1lcsa
Switzerland 7SEV A5
240V/6A

1 ANSI—American National Standards Institute

ZNEMA—National Electrical Manufacturer’s Association
3IEC—International Electrotechnical Commission

4CEE—International Commission on Rules for the Approval of Electrical Equipment
SBSI—British Standards Institution

6 AS—Standards Association of Australia

7 SEV—Schweizevischer Elektrotechischer Verein

8VDE—Verband Deutscher Elektrotechniker

ISEMKO—Swedish Institute for Testing and Approval of Electrical Equipment
10U —Underwriters Laboratories

11CS A—Canadian Standards Association

12ETS A—Electricity Trust of South Australia

11401 /11402 Extended Service Manual
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Section 2
Theory of Operation

This section provides general and specific information on 11401 and 11402 Digitizing Oscilloscope circuitry. The
circuitry is grouped into functionally named modules that correspond to a specific circuit board (e.g., Main Proces-
sor 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 oscilloscope and describes its functions at a sys-
tem level. Next is a Detailed System Description that divides each board into functional blocks. When reading
these descriptions, refer to the system block diagram, and the appropriate schematics. 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 oscilloscope. Function and operation of the
logic circuits are represented by standard logic symbols and terms. All logic functions are described using the posi-
tive 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 volt-
ages 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 are indicated in the text by
an (L) following the signal name, and by 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 e 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 11401/11402
oscilloscope. Plug-in units are used to condition signals prior to delivery to the oscilloscope. These preconditioned
signals are passed to the oscilloscope 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 Com-
pressor 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 digital 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-ins
and the Main Processor, and for data communications.
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Detailed Circuit Description

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

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

Each diagram is divided into stages that are bordered with wide shaded lines. The Detailed System Description
subheadings provide schematic diamond numbers that reference you back to the appropriate schematic.

Assembly numbers (A numbers) identify components and the board these components are mounted on. The desig-
nation A7R200 identifies the board as assembly A7 (the Display Controller board), and the component number as
resistor R200.

A2 Line Inverter, A3 Rectifiers 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 6, Sche-
matic Diagrams and Circuit board Illustrations in Volume 2 of the service manual. The schematic is divided by gray
shaded lines separating the circuitry into major stages.

Line Interface

Power is applied through line filter FL99, line fuse F99 and PRINCIPAL POWER SWITCH S130. The line filter FL99
prevents power-line interference from entering the oscilloscope, and noise (in the range of 1 MHz to 1 GHz) gener-
ated within the oscilloscope 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 115/230 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 S130 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 oscilloscope on and off, as this function is handled by the
ON/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 oscil-
loscope is switched off and on several times in succession. Once the thermistors warm up they have negligible
affect on the input current.

Spark gaps E231 and E230 prevent over charging the line filter caps C200, 310, C200, €220, and C320 due to im-
proper setting of the 115/230 switch 5250 or from high energy differential-mode line transients. CR340 operates asa
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full-wave rectifier when 5250 is set for 230 V operation, and as a voltage doubler, when SZSO is set for 115 V opera-
tion, thus maintaining 230 to 380 V DC across R220, for either setting of 5250.

A neon flasher consisting of R640, C640 and DS$640 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 ON/STANDBY switch is off and the rear panel PRIN-
CIPAL POWER SWITCH is on.

Capacitors C400 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 oscilloscope and power supply. T410 further decouples these noise
sources. The leakage inductance of transformer T410 (appearing as a differential-mode inductance to the Pulse
Width Modulator), in conjunction with C500, forces a continuous DC current to be drawn from the line storage caps
C200, C310, €220, and C320.

Pulse Width Modulator

The primary means of controlling the output voltages from the Low-Voltage Rectifiers is the Pulse Width Modula-
tor (PWM). 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 con-
duction 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 PWM transistors.

The 100 kHz 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.

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
kHz square wave. The 50 kHz Inverter MOSFET devices Q620 and Q610 are driven by a 10 V peak, 50 kHz 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 ns 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 overvoltage is caused by a shorted PWM transistor, the spark gap will continue to conduct current
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until fuse F410 is opened and the inverter capacitors C630 and C631 discharge. If the overvoltage 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: 154, 117, 17, 15.2. Both power transformers operate in paral-
lel 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 mV at the rated current) are used by the control
circuit to limit fault currents in the oscilloscope plug-in units and to provide a diagnostic feature. The exception to
this type of sensing is the 154 V outputs, whose currents are sensed by R535, R636 and R637. The current sense sig-
nal 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 propor-
tional 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 U2004,
pin 1 acting through CR200 and Q213 occurs first.) CR311 prevents the ramp capacitor C216 from discharging com-
pletely, 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 non-inverting 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.
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Error Amplifier

The +5.1 Sand +5 I 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 AD]J.

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 ms time out of the Fault Delay Latch, the clamp is removed from the 5.2 V REF input to the Error Am-
plifier allowing the output voltage to rise at the rate determined by R323 charging the softstart capacitor C411. The
output voltages will track this rise, which has a time constant of approximately 10 ms. After a delay of 20 ms, as de-
termined by the Power Fail Detect clamping network of R326, C323, CR321 diagram 40, the power fail detect
comparator U420D is reset, which turns off the LEDs and signals the oscilloscope 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 V to
power the remote line switch and standby control. This voltage is regulated to 16 V by a series—pass regulator com-
posed 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 +17 V 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 circuijt 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
+12V.

100 kHz Clock

When power is first applied the fault delay latch is set, preventing startup of the power conversion circuitry. Mean-
while, 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.
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Gate Drive

The 100 kHz clock pulse toggles the divide-by-two flip-flop U200B. This provides the balanced 50 kHz drive signal
for the 50 kHz Inverter. U100 buffers both the PWM and 50 kHz 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 +22 V and P10 V supplies. The input logic in Gate
Drive U200 provides the alternating drive required by the PWM gate transformer. Damping and blocking are pro-
vided 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 1U line signals. R730
and R736 set the output impedance and magnitude of the line trigger signal, LTRIG, (used by the oscilloscope and
plug-in units) to less than 470 = and from 1 Vto 3 V P-P, respectively. :

A2A?2 Control Rectifier Board <40>

Fault Detection

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 sup-
ply or oscilloscope 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 tem-
perature in the power supply, oscilloscope, plug-in units or accessories.

A schematic diagram of the Fault Detection circuitry is given on diagram 40, in Section 6, Schematic Diagrams and
Circuit board Illustrations in Volume 2 of the service manual. The schematic is divided by gray shaded lines sepa-
rating the circuitry into major stages.

Digital Current Sense

The overload fault sequence begins when the voltage drop across one of the Rectifiers current-sense trace resis-
tances exceeds a reference level (about 25 mV) for several switching cycles (20 us), 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 establishes the refer-
ence and, therefore, the current limit point for the +5.1 V 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 oscilloscope 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 cur-
rent, extinguishing only the LED associated with the particular fault condition, while ali other LEDs remain on.
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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 provid-
ing maximum available power to the load. This time delay is approximately 0.1 ms 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 ms delay, trips the Power Fail Detect and Fault Delay Latch initiating a con-
verter 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 re-
start line, RST(L). This signal initiates shutdown of the power conversion circuitry, which will remain off for the
duration (approximately 200 ms) 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 P5 V 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 ORed with the Fault line by CR722 and CR721 to generate a restart.

Thermal Fault Sense
When inadequate air flow causes the thermal cutout switch 599 to reach 75°C, an over-temperature condition oc-

curs 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.
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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 rec-
tified 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 oscilloscope time to prepare for a power failure.
Once the rectified line voltage has dropped below the minimum regulation range (190 V DC), the converter is shut
down by the under voltage detect circuit leaving a substantial stored charge in the line storage capacitors, thus pre-
venting 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 Hz pulse-width modulated
signal from the fan speed controller (FAN PWM) sets the DC fan speed by pulsing it on, then allowing it to free-
wheel 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 assocjated components, functions as a limited range feed-
back 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 volt-
age (VTEMP) by R732. This voltage becomes the reference for a 10 Hz 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 voltage, which is compared to VTEMP. The action of the circuit is to main-
tain 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>

Local Regulator Power

The operational amplifiers used for the +50, +15, +5, P50, P15 and P5 V Regulators require that the following spe-
cial voltages be generated for their operation:

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

2. The P20 V supply is generated from the semi-regulated P54 V supply by reference zener diode VR720 and tran-
sistor Q820.

3. The +10 V supply is generated from the semi-regulated -+ 54 V supply, by zener diode VR730.
4. The P10 V supply is generated from the semi-regulated P54 V supply by zener diode VR731.

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

+50 V Regulator

Semi-regulated +54 V 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 V 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 +50 S (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 di-
vider 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.

~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 V 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 V Regulator. Diode CR433 will keep the output of
this supply from going more positive than about —4.4 V 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
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ratio of R138 and R139 is 2:1, so pin 5 of U230B is at 5 V 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 P0.6 V, 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 V 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 V. 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 V 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 +50 V Regulator. Error voltage to pin 9
of U230C is provided by divider R224-R223 and is referenced to the P50 S (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 P14.4 V 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 out-
put of the comparators is analog “ORed” 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.

A5 Acquisition Board <6> through <20>

Sampling Hybrid/Vertical Channel Select (diagram 6)

The Sampling Hybrid contains three sampling modules and a four input channel switch. The Sampling Hybrid si-
multaneously samples the vertical signal from each plug-in compartment. The differential outputs of the three sam-
plers 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 output to the A/D converter. A calibra-
tion voltage (CHSWREF) used for A/D auto-calibration is also connected to the fourth channel switch input.

The Time Base board provides signals (VS0, VS1) to the Vertical Channel Select circuitry that control the Channel
Switch output. '
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Strobe Driver/Sample Gate Generator (diagram 6)

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 (20 MHz). SAMPLE_ENABLE prevents sample
pulses from occurring while the A/D converter sequentially digitizes the simultaneously sampled plug-in signals.

A/D Converter (diagram 8)

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
yield a 6-bit A/D converter. The upper and lower 16 codes of the second stage are used for error correction that can
correct for errors 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 mag-
nitude of the input signal is greater than full scale.

Clock Generator (diagtam 7)

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

The Clock generator provides 20 MHz clocks to the Sample Gate generator and the first stage, second stage and out-
put latches of the A/D converter. Also provided are the 20 MHz clocks for the Coarse Time Interpolator, the serial
data out shift register of the Fine Time Interpolator and the Master Clock (MCK) for the Time Base board. Figure 2-1
illustrates the clocks generated for the sampler and A/D.

Trigger (diagram 10)

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

The microprocessor serially loads data to on-board 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.
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Figure 2-1. Sampler and A/D Clocks
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Main Trigger Holdoff (ciiagrams 10 and 11)

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 2-2 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 POINT ~™ —t -t
SIGNAL

TRIGGER
GATE
{TGM,U1710-15)

— ha—

HOLDOFF TIME |

i

MAIN
HOLDOFF

{MFHO,U1710-15)

Figure 2-2. Main Trigger Gate and Holdoff Timing

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 19.6608
MHz clock.

The Trigger Gate is synchronized to the 19.6608 MHz clock via U1546A and U1546B. Upon receipt of this synchro-
nized trigger gate (U1546-9), the digital counter begins counting down the holdoff interval. When the digital count
is completed, MHORESET(L) 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(L), a high is clocked through to the output by the 19.6608 MHz clock. When the hol-
doff interval is longer than 500 ps, 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.
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Main Fine Holdoff (diagram 11)

The Main Fine Holdoff circuitry is used in conjunction with the digital holdoff to increase the main holdoff resolu-
tion to minimum of 500 ps. Analog ramps are used to remove the uncertainty between the trigger and digital hol-
doff 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 point where the ramp stops is stored on a capacitor until the digital holdoff count is complete and then
the ramp begins again. The ramp runs until it crosses the Main Ramp Threshold voltage, which is present on pin 2
of 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 transition when the ramp crosses the threshold voltage. The
Main Ramp Threshold voltage is controlled by the Trigger Enhancement board, ASA2.

Another analog voltage ramp begins at the positive transition of the voltage comparator and the first ramp is reset to
its start position.

The second voltage ramp runs until it crosses the comparison voltage set on a second voltage comparator (U1940B).
This comparison voltage is varied via software control to allow the positive transition of U 1940B to vary up to one
holdoff cycle (50.86 ns) in 500 ps steps.

1ST RAMP CHARGING

CURRENT SOURCE 2ND RAMP CHARGING
CURRENT SOURCE

MFHO
MSTOP.START /3;7 3; >
9 %’ MFINEHO

2ND RAMP
DISCHARGE

mMTGBY | %/!) 25V

1ST RAMP
DISCHARGE

Figure 2-3. Equivalent Operation of the Main Fine Holdoff
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A5A2 Trigger Enhancement Board <11A>

The comparators U210D and U210C and the flip-flop U300B effectively measure the time difference between the
deassertion of MHFO (low) and the assertion of the differential pair TGM/TGM-L. If this time difference is shorter
than the RC time constant determined by R200 and C200 (at the D input to flip-flop U300B), then the flip-flop clocks
a low Q-bar output when pin 15 of U210 goes high.

At this point, the existing state at pin 3 of comparator U210 is high. The high output at U210, pin 15 is delayed six
nanoseconds by delay line DL210 and is input to the comparator U210B at pin 7. The comparator outputs a low at
pin 3. The delay line then outputs a high at pin 1, which is input to the comparator U210A at pin 5. The comparator
outputs a high at pin 2.

The comparator outputs at pins 3 and 2 and the flip-flop output at pin 14 are wire-or'ed together. The low-to-high
transition at the clock input of the flip-flop U300A causes the Q-bar output to change state (it doesn’t matter which
state the output is changing to or from). This transition changes the Main Ramp Threshold voltage, used as the ref-
erence to comparator U1940A. This effectively changes the timing of the Main Fine Holdoff generator by 1 ns.

In the above circuitry, the input to pin 10 of comparator U210 is temperature-compensated by diodes CR410, CR412,
CR414, and CR16.

Delay by Events (diagram 10)

The Delay by Events counter allows the acquisition 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 Acquisition board and a low speed section is contained within U264 on the Time
Base board.

When Delay by Events is selected, the Window Trigger IC ignores the window holdoff input (U1710-39) and per-
forms 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 time base board. After each stage has reached terminal count, a clock signal will be gen-
erated on the next positive transition of TGW which sends a differential trigger signal to the Window Time Interpo-
lator via U1420A.

Time Interpolators (diagram 7)

The Time Interpolator measures the time between the trigger signal and the sampling strobe once during each ac-
quisition 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(L) output of the Main Fine Time Interpolator makes a negative
transition. This occurs following the Main Trigger and enables the 200 MHz clock to pass through gate U1110B to
the coarse counter (U922). The coarse counter counts until the sampling strobe (via U1010-14) occurs, yielding the
trigger to strobe time with 5 ns of resolution. The Main Coarse Counter is initialized before each acquisition cycle
via the Coarse_LD_CK and Coarse_LD signals generated in the holdoff circuitry. The Window Coarse Time Inter-
polator operates in the same manner.

The Fine Time Interpolators measure the time between the trigger and the 200 MHz 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
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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 Time Base board.

Upon receipt of the Fine Request (FRQ(L)) 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. Af-
ter the Main data is read the coarse multiplexer input is switched to the Window coarse data and the Fine Time In-
terpolator Shift Register is loaded with Window Fine data upon receipt of the Fine Acknowledge (FAK(L)) signal
from the DAG IC. The Window data is then loaded into the DAG IC.

ACQ Autocal and Refresh (diagram 12)

Diagram 12 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, in-
cluding the trigger level and holdoff, acquisition time interpolators, two-stage A/D flash converter, and sampling
circuits.

Voltage Reference DAC (diagram 12)

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 ps. 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 Section 4 Diagnostics for details).

Refresh Banks 1, 2, and 3 (diagram 12)

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 SCAN(L) 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 ps (all analog
switches of the sampling bridge are initially open). Thus, the analog voltage from the DAC is stored on the capaci-
tor 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 re-
peated every 400 ps, 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.
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Cal Select (diagram 12)

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 CALRANGE(L) signal from pin 26 of J84
clocks in the specified mode settings. In particular, pin 19 of U1570 drives the enabling of either the 450 () or 50 Q
output impedance for the Calibrator signal and decoder U1670A and B provide the appropriate enables for the Cal
Gain Select stage.

Calibration Gain Select (diagram 12)

A digital value from the microprocessor provides an analog plug-in Calibrator Voltage Reference of, typically, 5 to
10 V from the DAC and Refresh Bank 2 circuitry to the input amplifier of the Cal Gain Select stage, which attenuates
the voltage. Analog switches in U1672, in conjunction with part of resistor divider network R1877, provide 1X, 2X,
or 4X attenuation and analog switches in U1772, in conjunction with part of resistor divider network R1877, provide
attenuation of 1X, 10X, 100X,, or 1000X, depending on the decoded signal from the Cal Select stage. The voltage is
then passed to the Calibrator Output buffer stage.

Calibrator Output Buffer (diagram 12)

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 (diagram 12)

The front panel CALIBRATOR signal is either a DC reference level of about 6 mV to 6 V for probe calibration of gain
and offset; or a 6 V, 1 kHz or 2 MHz square wave for probe compensation and deskewing. The square wave is gen-
erated by Q1668, Q1562, Q1560, and their associated circuitry whenever the CAL_ CLK signal into flip-flop U2060A
(this happens during the probe deskewing and compensation operations) is enabled. The output impedance for the
CALIBRATOR is, again, either 450 Q) or 50 Q}, depending on the type of 11000-series probe attached to the bnc con-
nector.

- Plug-in Ground Select (diagram 12)
Demultiplexer U1970 receives an address from the Cal Select circuit (U1570) that indicates which plug-in compart-

ment 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.
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A6 Time Base Board <A13 through A20>

The basic function of the Time Base controller is to produce waveform record lengths that have the desired length
and resolution at the correct position. The time base controller uses circuitry that is optimized for high-speed opera-
tion. An 80186 microprocessor is (U224, diagram 16) is used to set up circuitry for most modes of operation. How-
ever, software is used to perform some complex functions.

The 80186 microprocessor uses 16K bytes of RAM (U281 and U283, diagram 16) and 128K bytes of ROM, along with
several [/O devices to accomplish numerous functions. However, the time base system circuitry may operate inde-
pendent of the 80186 for many acquisition and transfer cycles. The time base system circuitry restarts itself at the
end of each cycle unless the 80186 instructs it to do otherwise.

Main and Window Records

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. Ina conventional oscilloscope, the trigger point on the displayed
waveform is very near the start of the sweep. In the 11401/11402 digital sampling oscilloscope, 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 in between. This
requires that we 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 toa 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.

In addition to the main record, the 11401/11402 also allows 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 records. The window trigger, in most cases, is connected to the main trigger system via
hardware located on the acquisition board. In that case, the windows are positioned relative to the main trigger
point, but because of the above constraints, 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 acquisition board, as the two boards are
very interrelated in their functions. In fact, in many cases, a function may be split between the two boards in order
to take advantage of each board’s strengths.
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Functional Overview

This overview describes the events that happen during a normal acquisition cycle. Keep in mind that this notan
inclusive list for all conditions, but a simple case that can be built upon.

Acquisition

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 (this is a general order of events):

1. The acquisition memory system switches into the acquisition (write) mode and the time base logic initializes for
the next sweep.

2. The time base logic starts the PRETC counter, which is used to guarantee that at least the required number of
pre-trigger points will be acquired before the trigger. With this, the rate counters for the main and window time
bases begin to output time base requests. It is important to note that the rate counters both run continuously,
even during the transfer phase of the system.

3. The vertical state sequencer generates the Acq_Request signal to the acquisition memory that will correspond to
each of the selected vertical input signals.

4. Using the Acq Request line, the Acquisition memory system takes the current 10-bit A/D value from the acqui-
sition board, via the Input Data Latch, and places it into the Acquisition memory, and then, advances the mem-
ory address counters for the next sample. Along with the 10-bit A/D value that was stored into the acquisition
memory, there are two groups of three bits. One of these 3-bit groups identifies which time base the Acq Re-
quest was generated by: Main, Window]1, 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 three bits is used to iden-
tify 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 Plug-in Chop Sequencer. The Initial ID table lets the
scope encode a large number of possible vertical input combinations down into the eight possible vertical
sources.

Trigger

The assertion of the main trigger is held off by the PRETC signal, so that the trigger doesn’t occur until enough data
points have been acquired.

The value in the pre-trigger counter is determined by finding the maximum number of pre-trigger points needed by
the main and window records. The output of the pre-trigger counter is fed into a section of hardware called the
Randomizer. Its function is to 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 acquisition
board, the acquisition system may now accept the next valid trigger condition. 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 acquisition board
passes the main trigger signal over to the Time Base board. At the same time, the window holdoff counter is started
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(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 starts the main post-record 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 pre-trigger points.
The data points in acquisition memory do not carry any time-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
acquisition 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 plug-in chop system).

Once the main post-record counter has counted down, thereby filling up the post-trigger section of the main record,
it asserts 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 acquisition phase of the cycle.

Window Time Base

The window time base system supports two fairly independent windows. They share enough hardware and other
things to make them appear as one time base at times. 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, pre-trigger windows, and runs
after windows. All of these modes share elements of the next mode. In other words, the runs before mode behaves
similarly to the pre-trigger mode. The runs after mode uses some common elements of the pre-trigger mode.

Pre-Trigger Mode

In the window time base, the pre-trigger mode is the most similar mode to that of the main time base’s mode of
operation. In the pre-trigger 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 pre-trigger 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 that the main trigger is fed over into the
window hardware or it may be a completely separate trigger signal. This, by definition, must occur after the main
trigger has occurred and the window holdoff has timed out.

Runs After Mode

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 occurrence 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 have their own post-record counter. This position counter is used to
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count the number of window rate pulses from the window rate counter, after the window trigger. Once this posi-
tion 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 record. When this
post-record 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.

Runs Before Mode

For the runs before case, the entire window record is positioned ahead of the window trigger. To acquire only the
desired points, we would have to know when the trigger was going to occur, since all actions enabling and dis-
abling the acquisition of the window points have to occur before the actual trigger, even though these points are
supposed to be related to the trigger.

This requires a sufficiently long pre-trigger 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 acquisition of the window record’s
points are disabled and the end detect logic is signaled to indicate the end of the that particular window record.

Note that the two 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 during the transfer phase of
the cycle to count back as the DAG is reading points out of the acquisition memory, to determine 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 pre-determined number of points
have been counted back, the DAG can now treat these window points just as any other type of points.

Trigger-to-Trigger Counter

The trigger-to-trigger 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. '

End Detect Logic

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 plug-in chop sequencer has completed its work (if it is in a special mode called “Single
Shot Chop”). The plug-in chop sequence is described and its modes later on. Once all of these checks have been
performed, the end detect logic asserts a signal, Acg/Xfer, to the Destination Address Generator (DAG) and to the
Acquisition memory system. This signal is used to switch modes in both places.

For the DAG, it tells it to start trying to read the acquisition memory. To the acquisition, this signal, Acg/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 acquisition 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 acquisition memory. The acquisition
memory consists of four banks of 4 k by 16-bit words for a total of 16 k words.
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Destination Address Generator

Once the acquisition memory has turned around, the DAG starts to request waveform points via the Dag_Request
line. Tt 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 window? 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 horizon-
tal 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 discarded: 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 discarded, 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 which record it is processing at the time: main,
window1, or window?2. These five bits are used to look into a table that will determine if that particular waveform is
wanted or not. To clarify this, if we think of a user wanting the leftl and left2 plug-in channels to be displayed on
the main time base, left] to be displayed on window1 and left2 on window?2 time base. Once a time base has been
set up, the acquisition memory will actually contain points of all vertical sources, with all time bases, over time. So
that we don’t use up anymore waveform memory than we have to, the final ID table provides a means to identify
the unneeded traces and to delete them (before they are sent to the waveform memory) by declaring them to be
invalid.

The final ID table also helps solve a problem in calculating the addresses of the waveform points, when multiple
plug-in units are being used. In this case, the system samples all of the inputs, from left, center, and right, simulta-
neously, then, the three inputs are sequentially applied to the A/D converter. In this setup, all three data values
occurred at the same instant in time, so the position of the data within the waveforms should all be identical.

The final ID table also provides a signal, Adr_Hold, to indicate to the DAG that a new address should not be calcu-
lated for the next point. In this manner, all of the points of a group of time coincident data will be placed at a com-
mon position within a waveform. The other service that the final ID table provides is the further sorting out of what
address the points go to in waveform memory. The waveform memory is overseen by the MMU system, which
provides a set of TAG registers for the transfer of waveforms. These tags are used as a base address, within the
waveform memory, while the address calculated by the DAG provides the offset from that base. The final ID table,
using the inputs of vertical and horizontal sources of a waveform, specifies one of 14 possible waveform tags.

These tags and the addresses, which are generated by the DAG, are passed to the MMU interface. This interface isa
fully “handshaken” interface with the waveform memory of the MMU. When the signal ‘Dig_Request’ is asserted
by the interface hardware, the MMU eventually responds with A_Out, which tells the interface hardware to place
the tags and address of the data point on the address/data lines. Then, after the MMU latches these addresses, the
MMU asserts D_Out. This causes the interface hardware to place the actual data value for the point (after first
passing through the left-justifier system, which really does nothing more than to adjust the 10-bit number into a
16-bit number that is left-justified and provides some special handling).

At this point the interface hardware removes the Dig_Request signal. While this has been happening, the DAG has
been working on the next data point, right up to the poirt where it has to wait for the previous data to be com-
pletely transferred to the DAG. The DAG determines that it has reached the end of all of the acquired data by the
calculations of the addresses of the waveforms that it has been transferring. Once the address of the waveform
points falls below zero, the DAG detects that it has reached the end of the record in memory. If for some reason, due
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to hardware malfunction, there are not enough data points in memory to satisfy the DAG, the DAG continues
keeping the memory until the acquisition memory counters wrap around and, again, present the same data that was
presented previously. If this idea is extended to the point where only one point was acquired in a waveform, which
should have had 1024 points or so, the acquisition memory would cycle 1024 times. Once the end of the transfer
stage has been completed, the DAG will assert the END signal for a short time. This will cause the RESTART signal
to be asserted, which will cause the entire sequence to be repeated.
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A7 Display Controller Board <33> through <37>

Executive Processor Parallel Interface Port (diagram 37)

The Executive Processor Parallel Interface port provides two separate functions; 1) provides a bi-directional 16-bit
interface for commands and, 2) provides an interface for transferring incoming 16-bit waveform information. In the
command mode this interface is a relatively straightforward 16-bit port, but in the trace data mode it performs a
number of different data transformations upon the incoming data. This port operates in conjunction with U524’s
programmable DMA (Direct Memory Access) unit shown on diagram 33.

The Executive Processor Parallel Interface port is comprised of IC’s U731 and U733. U733 is a bi-directional 8-bit
latching port with a two-line handshake for each direction of data flow. U731 is basically the same port without the
handshake logic.

The incoming data channel uses two lines, SENDNEW(L) and DATALATCH(L) (52, pins 43 and 45 respectively) to
implement the handshake. The SENDNEW(L) source is from the Display controller board and the DATALATCH(L)
source is from the device at the other end of the interface. When the Display controller is ready for an incoming
transfer to occur, SENDNEW(L) is brought low, if its not already low; the low state indicates that the display is
ready. The device at the other end of the interface will bring DATALATCH(L) low and place the data to be trans-
ferred upon the 16-bit bus. When the DATALATCH(L) signal is brought high, the rising edge is used to latch the
incoming data, and to set the SENDNEW(L) line high.

Since the SENDNEW(L) line is also the DMA (Direct Memory Access) request line for the incoming channel, the
DMA channel will eventually read the port, and this will cause the SENDNEW(L) line to be reset to its ready’ state.

The outgoing data channel uses two lines, DATARDY (Dataready) and DATAGATE(L) (J52, pins 49 and 47 respec-
tively) to implement the handshake. The DATARDY source is from the Display Controller board and the
DATAGATE(L) source is from the device at the other end of the interface. When the Display controller is ready to
transfer a word across the interface, it will bring the DATARDY line high. This will signify that there is data stored
in the port latches for the other device to access. When the other device on the interface brings the DATAGATE(L)
line low, the port’s output drivers will be enabled and thereby place the data upon the 16-bit bus. When the
DATAGATE(L) line is brought high, the rising edge will clear the DATARDY line. This falling edge of the
DATARDY line will cause the flip-flop to generate a DMA request to the microprocessor.

The DMA data request line for the incoming data channel (DRQO) is connected to the data received flag (flip-flop)
on the interface IC, U733, pin 5. When this flag is driven high by new data being clocked into the interface port, the
DRQO line is driven high. This will cause U524 (diagram 33) to give up the bus at the next opportunity and perform
a read of the interface port, either the command port or the trace port. When the processor reads the interface port,
the data received flag will be cleared, thus removing the DMA request and signaling the device on the other end of
the interface port that the word has been read.

The DMA data request line for the outgoing data channel (DRQ1) is handled somewhat different than the incoming
data request line. When the Display Controller board is reset upon power-up, or at any other time the board is re-
set, the DRQI line is set to the active state (high). When the software wants to send a transmission from the Display
Controller board to the device at the other end of the interface, it will enable the channel 1 DMA. The pending re-
quest 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 acknowl-
edged the transfer, the DMA request will be reasserted.
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CPU and Ready Logic (diagram 33)

The Display Controller board’s incoming and outgoing data is serviced by U524's programmable DMA (Direct Mem-
ory Access) unit. The DMA provides the following two independent channels. The DRQO (pin 18, Data Request
line) that serves the incoming data channel, and DRQ1 (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 wait states. That is, its a zero wait-state device. Microprocessor U524 uses PCS4 to access this
port, so currently this port is selected between 0200-027F(xez) in the 1/O space.

Waveform Attribute Encoder (diagram 37)

This circuit facilitates high-speed transfers of incoming information. The digitizer and waveform processing sys-
tems in this oscilloscope 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 six bits being considered as “don’t cares”, with three exceptions. These
three exceptions are Null, Overrange, and Underrange, and their values are passed as 8000(he), 7FFF(iex), and

8001 (i), 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 two’s complement
format. In order to support the VRS (Vertical Raster Scan) system, which requires 9-bit data ranging between 0 and
1FF(sex) 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 compli-
cated 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 six bits. When the display is
operating in the dual-axis mode the data must be shifted to the right by seven bits. This will adjust for half the dy-
namic range of the individual axis. A bit coming from the MUART (Multifunction Universal Asynchronous Re-
ceiver 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 OFF(ia). 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 100(hez) to 1FF (ex).

ROM and 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 2-1 for further information.

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 on the amount of storage needed. See Table 2-2 for more information.
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Table 2-1
Standard EPROMs Storage Capabilties and Jumper Settings
EPROM | Jumper Setting Size In Address Range (hex)
Type J7 12 Bytes
27128 128 256 32K F8000-FFFF
27256 256 256 64K FOOOO-FFFF
27512 256 512 128K EOCC00-FFFF
Table 2-2
Optional EPROMs Storage Capabilties and Jumper Settings
EPROM | Jumper Settting | SizeIn Address Range (hex)
Type J8 Ji3 Bytes
27128 128 256 32K D8000-DFFF
27256 256 256 64K DO0000-DFFF
27512 256 512 128K CO000-DFFF

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 FFCO0-FFFFF (i) (the up-
per 1K of memory). The ROMCS(L) line also sets up a three wait state 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 ne-
cessitates 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 PDO - 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 micro-
processor. With this gating the Microprocessor Data latch stage is disabled during any request to the MUART.

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 per-
son 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 soft-
ware cannot run.
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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 PDS, to be pulled down to
ground. This, in turn, will cause microprocessor, U524, to receive a FDFD(k) instruction code, which is a STD in-
struction. 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 FFFF(i) upon power up. With IP register being set to zero, this will
cause the address sequence to be FFFFO(kx) — FFFFF(i=), then 00000 —+ OFFEFF(i), then back to FFFFO(he).
Further, the chip select line for the ROMs will be active during the passage through FFFFO(i=) to FFFFF(e).

Microprocessor Address Latch (diagram 33)

The Microprocessor Address latch stage is comprised of address bus drivers U526, U614, and U620. The ALE (ad-
dress latch enable) signal from U524, pin 61, is active high to latch the addresses into the three bus drivers. The ris-
ing edge of the ALE signal is generated off the rising edge of the MPUCLK signal. Addresses are valid on the trail-
ing 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 LOOP-
BACKEN(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 280(ie).

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 be-
comes necessary to provide more GPSRAM space, an 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 pro-

vides 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.
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MUART (diagram 33)

The MUART (Multi-function Universal Asynchronous Receiver Transmitter) stage is comprised of interface IC
U523. It provides 16 lines of parallel /O, a serial port, a baud rate generator, various timers, and an interrupt con-
troller. The display controller uses the parallel /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 dis-
play controller, and to provide interrupts to microprocessor U524 in the CPU and Ready Logic stage.

Because of the limited number of pins available on the U523 MUART chip, the address and data information is mul-
tiplexed together onto a common set of pins (pins 1 through 8). This necessitates locating the MUART and the mi-
croprocessor 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 micropro-
cessor bus, lines PDO - 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 V 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 PCS0 line, pin 25 on the micro-
processor. All requests to this line require that three wait states be inserted.

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 and Select stage (pin 18, U515). The presence of the Display Enable signal at
pin 18 of U515 indicates a valid CRT controller and 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 and 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 (MD0-7) 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 and 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 and Select stage request.

On the video side of the CRT controller and Select stage, the master video clock is set at 2.0 MHz, using the CCLK
line. This sets the word display time to 500 ns. 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

2-28 11401/11402 Extended Service Manual



Theory of Operation

Plane Address MUX stage. Since the new addresses are not required until the rising edge of CCLK the CRT control-
ler 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 and 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. Italso 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)isa local bus that is used just for transfers be-
tween the video memory and the microprocessor.

Diagnostic CRTC/MPU Address Trigger Control (diagram 37)

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
RAO, RA1, RA2, and RA3 lines from U515 in the CRT controller and 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
and 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 micro-
processor address) is determined by the state of the trigger bit in the “write only diagnostics register, U600, pin 16,
located at I/O address 101(s). The address latches are read only registers.

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

The Diagnostic Bit and VRS Plane Address Feedback latches stage is comprised of 8-bit registers U500, U501, U510,
and Us11. These video address registers capture all 14 bits of the CAS(L) addresses. They also capture the RAOQ,
RA1, RA2, and RA3 lines from U515 in the CRT controller and 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 and Select
stage. Only one trigger signal is generated. Another trigger will not occur until the VRLCS(L) line is pulsed, indi-
cating 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
1/O address 101(kx). 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.
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Diagnostic Timing MUX (diagram 37)

The Diagnostic Timing MUX stage is comprised of multiplexers U433, U530, and flip-flops U516A, U516B. The pur-
pose 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 [/O address 101(k=). An-
other 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.

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.

These timing signals are derived from a 32 MHz clock that is generated by oscillator Y430, and with one exception,
do not depend upon gate delays to produce the correct signal. The 32 MHz oscillator provides the required CRT
pixel rate, and is divided down to produce 16 MHz, 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 MHz 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 MHz 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 Con-
trol 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 MHz signal is divided into four sub multiples by U431. These are MCLK (microprocessor clock) at 16 MHz,
LCLK at 8 MHz, FCLK at4 MHz, and CCLK (character clock) at 2 MHz. 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 clock-
ing scheme also allows the Video Memory Interface Synchronizer stage time to resolve the marginally stable condi-
tions 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 cy-
cle.
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The MCLK (Microprocessor Clock) signal is used to drive microprocessor U524. The microprocessor produces a
lower-frequency clock (8 MHz) from this signal which is used as its bus clock. This 8 MHz clock signal must not be
interchanged with the LCLK 8 MHz 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.

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 ns steps.

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 simul-
taneously being clocked by the PCLK(L) signal to form a “solid-state delay line.” This delay line will produce a sin-
gle pulse on each of its eight output lines (QO0 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 Inter-
face Synchronizer stage. Output Q6 is used by the diagnostics hardware to latch the RAS addresses from the DRAM
address multiplexers. Output Q7 is used to latch the word select lines VA1 and VA(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 prob-
lem, 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 us-
ing two bits from the diagnostics write only register, located at [/O address 101(i=). 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 100(k). This reg-
ister 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 mid-range 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 fall-
ing edge of clock MPUCLK (start of T2). This stage of delay is necessary because the microprocessor generates its
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
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will easily be set-up 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 asynchro-
nous video interface, will have had time to settle out. Second, this delay allows the memory cycle to have data pre-
sent 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 re-
quest. 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 (Syn-
chronous 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 sig-
nal goes high it will reset the flip—flops in the microprocessor side of the Synchronizer stage. This action will pre-
vent 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.

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 and
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 and 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 and 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 ig-
nored. From word 0 in one scan line to word 0 in the following scan line the addresses will advance by 48 (or
30(s)). If the row address is considered as the scan line count, it could be multiplied by 30(k) to get the proper off-
set for each scan line. Because 30(x=) is not a simple shift, the column address is added back into the newly con-
verted 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 10(:=) is performed by just offsetting the bits that get added to the column addresses,
therefore, the lower four 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
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will complete the above operation in between the time that the CRT controller and 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 re-
quired 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 VALl 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 pro-
vides the multiplexed addresses required by the VRS Max and Min Plane DRAM (Dynamic Random Access Mem-
ory) 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 s, 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 and 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 ata
cycle time of 250 ns. The bit planes respond to memory requests from two sources.

First, from the video hardware, which needs refreshing every 500 ns. 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 mid-range 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.
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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 per-
formed. Because the least significant bit is lost due to the word select line, twice as many addresses must be pre-
sented 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 in a 16K x 4 configuration, running at a cycle time of 250 ns. The bit planes respond to memory re-
quests from two sources.

First, from the video hardware, which needs refreshing every 500 ns. 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 mid-range 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 DRAMs that will only occur when there is a valid cycle to be per-
formed. Because the least significant bit is lost due to the word select line, twice as many addresses must be pre-
sented to the DRAMs in order to keep them refreshed.

When a microprocessor requést 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 previ-
ously, you must refer to that subheading 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 synchro-
nous two-way communications between the bit 1 data bus and the video data bus.
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Plane 2 Data Buffer (diagram 35)

The Plane 2 Data Buffer stage is comprised of octal bus transceivers U300 and U301. This stage provides synchro-
nous 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
and 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.

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, re-
spectively, are fed into the corresponding inputs of the VRS Generation and 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 di-
vided into two 32k-byte planes. Even though the VRS memory system requires about nine display cycles at the
start of each scan line, the DRAM 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
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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 subheading for a circuit description.

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 bus-
ses and the 16-bit Video Data output bus.

VRS Generation and 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 3,000 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 out-
put 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 pre-
sented 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 ac-
cessed 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 (Pro-
grammable Array Logic) U231. The register load signals CSRO(L) to CSR7(L) and CSRC(L), (pins 1-8 and 63, respec-
tively) 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(iex)
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; 10 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 17 of 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.
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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, respectively, are driven by the
Data Out signal from the MUART stage. The CMPD and DIND signals supply input data to the color map hard-
ware and to the diagnostic hardware, respectively. The VRS signal CMPC (color map clock), U125 pin 45, is driven
by the MUART generated COLOR CLK signal to allow the data upon the CMPD (pin 44) to be clocked into the gate
array. Similarly, the DINC (diagnostics input clock), pin 51, when driven by the VRS IN CLK signal from the
MUART stage, will allow the data present upon the DIND (pin 52) to be clocked into the diagnostics hardware. The
DOUT (pin 59) signal from gate array U125 is an output that is connected through some diagnostics hardware to the
MUART stage’s DATA IN (U523, pin 34). This allows the microprocessor to read the results of the diagnostics tests
when the VRS input signal DOC (diagnostics output clock) U125, pin 49, is driven by the MUART stage’s VRS OUT
CLK signal. Finally, the VRS signal GATE is driven by the MUART stage’s VRS GATE signal which provides a trig-
ger control mechanism for the diagnostics functions.

Address line DTRG is sent from the CRT controller and Select stage to gate array, U125 pin 48, to provide a scan line
position signal to the diagnostics hardware. This is connected to CR5 which will cause the diagnostics trigger to
occur on scan line number 512, decimal.

The U125 gate array is clocked with a 32 MHz signal (on pin 43) which is used as the pixel rate clock. The bit plane
inputs are BP0, BP1, and BP2, pins 55, 54, and 53, respectively. As mentioned previously, BP0 is not used in this im-
plementation. There is a delay between the bit plane data entering the VRS gate array and the resultant data being
placed upon the video outputs. This will always be a fixed number of pixel clock periods, as there are numerous
pipelining delays throughout the VRS system. The video outputs of gate array U125, R OUT (red or normal), G
OUT (green or dim), and B OUT (blue) are buffered by U337A,B, and C, and sent to the CRT Driver board circuitry.
It should be noted that while this implementation of the Display Controller board circuitry can only handle a four
intensity monochrome display, the video output can drive a three~gun color system, as it is only the limitation of the
bit planes that prevents color displays.

Display Driver Interface (diagram 36)

The Display Driver Interface stage is comprised of U517C, U533C, and U334A. This stage provides the control and
video signal interface to the CRT Driver board.
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A8 CRT Driver Board <38>

A schematic diagram of the CRT Drive circuitry is given on diagram 38, in Section 6, Diagrams and Circuit board
Ilustrations in Volume 2 of the service manual. The schematic is divided by gray shaded lines separating the cir-
cuitry into major stages.

The CRT Driver board holds the circuitry necessary for driving the raster scan CRT. The video and sync signals
from the Display Controller board are used in generating the Z-Axis, sweep signals, and grid bias voltages for the
CRT. Since the CRT is operated in portrait mode rather than the more usual landscape mode in typical television
and monitor applications, the descriptions for the horizontal and vertical sections will seem reversed.

Horizontal Sweep Circuit

The horizontal processor U630 generates the sweep current for the horizontal deflection yoke. The horizontal proc-
essor includes a voltage—controlled oscillator, a voltage ramp generator, a high—gain amplifier, and a flyback genera-
tor. These circuits provide sweep synchronization, horizontal deflection, and linearity.

Integrated circuit U630 synchronizes to the 59.5 Hz, TTL-level FIELD SYNC signal. The amplifier output at pin 1
provides the horizontal yoke sweep current. During the sweep, C623 charges to approximately 14 V. When the
sweep reaches the right side of the screen, the voltage on C623, added to the 14 V supply at pin 11, is internally ap-
plied to the pin 1 output. This produces the +28 V flyback signal that causes the horizontal deflection beam to re-
trace to the left side of the screen.

The HORIZ SIZE adjustment R621 sets the magnitude of sweep current, thereby setting the amount of deflection.
The HORIZ HOLD adjustment R620 is part of an RC timing circuit that produces a ramp at the oscillator input pin 6.
Adjusting the ramp’s frequency rate to approximately 59.5 Hz causes synchronization to occur. The HORIZ LIN
adjustment R541 compensates for any nonlinearity in the ramp-generating circuitry.

Vertical Sweep Circuit

The major parts of the vertical sweep circuit are the vertical processor U420, the deflection yoke, the S-shaping ca-
pacitor C230, the retrace capacitors C231 and C131, the clamping diode CR240, and the switching transistor Q130.
These parts work together to produce a deflection current that sweeps the video beam from the bottom to the top of
the CRT. This circuit also produces a flyback signal to the flyback transformer T110 that is in parallel with the de-
flection yoke.

The vertical processor U420 provides a drive signal for the sweep circuit. This square-wave drive signal, output at
pin 1, is coupled through Q320 and T330 and applied to the base of the switching transistor Q130. The transistor’s
output signal is synchronized to the RASTER SYNC(L) signal through an integrating circuit at pin 4. U420 inter-
nally compares the two inputs (pin 3 and pin 4) for a phase shift between the two. If a phase shift is detected, the
phase detector’s output at pin 5 adjusts the oscillator’s output frequency at pin 1.

Transistor Q130 is turned on while the beam is sweeping toward the top of the screen. When the base drive signal
turns Q130 off, the beam is at its maximum sweep (deflection) and the voltage at Q130’s collector flys up to approxi-
mately 350 V. This is the flyback voltage. At this time, the yoke current quickly ramps to a negative value, causing
the beam to retrace to the bottom of the screen. Diode CR240 conducts during the first half of the sweep.

Due to several factors (e.g., a flat image screen, non-linear components, etc.), a linearity coil L210 is included to pro-
vide current ramp shaping. This affects the linearity of the screen image. L210 controls image shaping on bottom of
the screen. VERT SIZE adjustment, L120 (part of the deflection yoke) allows a total circuit inductance adjustment
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that changes the current ramp for the desired beam deflection. The VERT HOLD adjustment, R530, is part of an RC
timing circuit that produces a ramp at the oscillator’s input (pin 7). Adjusting the ramp’s frequency rate to approxi-
mately 35.7 kHz causes synchronization to occur. The VERT POS control R520 provides a variable phase shift to the
feedback ramp at pin 4, thereby allowing a vertical shift in the screen image.

If an overvoltage condition arises due to an increase in flyback-generated supply voltages, the Zener diode VR320
increases the voltage to the oscillator within U420. The resulting increase in the output frequency to the flyback
transformer causes voltage limiting.

High Voltage and Grid Voltage Generator

The 11.5 kV CRT anode potential and other bias voltages are generated by the flyback transformer from the flyback
waveform. This transformer is in parallel with the yoke and also supplies some of the sweep current for the yoke
winding. The following list specifies the voltages generated, and their uses.

11.5kV for CRT anode
400.0V for acceleration grid and focus grid,
pin7.
65.0V for overvoltage limiting (by VR320)
—65.0V for MAIN BRIGHT control

Z-Axis Amplifier

The video signals from the Display controller are decoded by U400 to give four output levels; off, dim, norm and
bright. These signals are amplified by Q300. The resulting output is applied to the CRT through peaking inductor,
L200. The Z-Axis amplifier Q300 operates in a common-base configuration with a 50 MHz bandwidth.

The MAIN BRIGHT adjustment R202 controls the bias voltage on grid 1 of the CRT to accommodate variations in
CRT characteristics.

The intensity of the CRT image is set by the output level of the D/A converter consisting of U600 and R500 — R506.
This output level sets the base voltage of Q300 via emitter follower Q510 and temperature—compensating diode
CR510. The level of the D/A converter is controlled by the output of shift register U601, which is set by the serial
input MON DATA and clocked in by MON CLK. On power-up, U601 is reset by R600 and C600 for maximum in-
tensity.
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A9, A10 and A11 Circuit Boards Front Panel

These descriptions are for the functional blocks that include the Touch Panel, major menu keys (hard keys), and
Menu Status LED drive. These three functions are interfaced to the Executive Processor through U103 (on the front
panel control board), a general purpose programmable keyboard and display controller.

The keyboard function of the IC handles the touch matrix and hard keys. The display function drives the menu
LED light bars.

Throughout this document, U103 is referred to as the 8279, Intels designation number. The 8279 is programmed to
be in the “Encoded Scan Sensor Matrix” mode. In this mode, an image of the touch matrix and hard keys are stored
in a block of RAM referred to as “Sensor RAM.” This RAM is internally organized as eight bits by eight bits. See
“8279 Sensor Memory Array” table in the back of this document to see how each bit physically maps onto the front
panel.

The 8279 notifies the Executive Processor that the Touch Panel or hard keys have changed states and needs servic-
ing by asserting the IRQ interrupt output. An interrupt is generated whenever the “image” changes in any way.

Touch Panel

The infrared LEDs produce a matrix of light beams that are interrupted by the users finger when pointing to a par-
ticular touch zone. The touch panel and hard key matrix are scanned continuously until a “shadow” or keypress is
detected. When a hit is detected, that scan is completed and the interrupt line is asserted by the 8279. During the
time the interrupt is active, no new data is written into the sensor ram from the Touch Panel or Hard Keys even
though the hardwarecontinues to scan. This is so the data does not change in the Sensor RAM while the processor
is reading it.

Only one infrared LED is turned on at a time and only the phototransistor directly opposite is selected to receive
light. This prevents any crosstalk between emitter/detector pairs.

IR Detector

All 33 phototransistors are multiplexed to a common line and applied to the input of U700 and associated circuitry.
R803 sinks current from the phototransistors depending on light level. R804 and C801 form a highpass filter to
eliminate the bulk of the ambient light which is composed mostly of 60 Hz and 120 Hz.

CR700a clamps the large positive switching spikes generated from the multiplexers selecting a new phototransistor.

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 P5 V 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 com-
pliment phototransistor on the Touch Panel board.
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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 square wave 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(L) from the select lines SL0-SL2 on U103. This trailing edge triggers the one-shot that gener-
ates 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 gen-
erator U114, which skews the Touch Addresses ahead by approximately 70 ps. The reason for the skew is that the
8279 inherently samples the data on the selected Return Line at the CENTER of its count duration which results in
wasted time following the sample that could be used to set up the analog multiplexers next selection. Italso allows
more time for the turn on delay of phototransistors.

InfraRed Enable Pulse (IREN(L))

This pulse ultimately turns on the selected Infrared LED on the Touch Panel board. U113a, U115b, and U212c use
various clocks from U114 to generate the Infrared Enable pulse. IREN(L) goes active (low) 50 us before U103 sam-
ples the selected Return Line. This allows ample time for the phototransistor to turn on and stabilize.

The Sync(L) inputs to U113 ensures that the flip-flop’s start and stay in proper phase.

The IRDIS(L) input to U212¢ is used for diagnostics to disable the IREN(L) 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.

Latch Enable pulse (LEN(L))

This signal causes the incoming serial data (SDATA) to be latched into the selected registers of U1001 The 8279 re-
quires that all eight return lines be held stable until the last return line (RL?) 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 indi-
vidually 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(L) 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 eight 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-axes 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.
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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 col-
umn, automatically, lighting the appropriate LED bar(s) when a high bit is encountered. U200, U203, and U214 al-
low blanking with BD(L) signal during switching and drive the transistors in U205 and U216 that sink the LED cur-
rent.

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 ad-
dress 3302+ All data is read from or written to address 3300nex.

Initial setup

Keyboard/Display Mode Set-04hex
Keyboard mode:

This input mode is set to “encoded scan sensor matrix.”
Display mode:

This output mode is set to “eight 8-bit character display, left entry.” Thus, after power up and/or RESET, a value of
“04” should be written to the control register to set these modes.

Program Clock-22hex
This internal clock prescaler should be set to a value of 2, thus, a value of “22” should be written to the control regis-
ter only after power-up and/or RESET.

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

Clear command-Clhex

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 dis-
play RAM for 160 ps.

Touch Panel and Hard Keys

Read Sensor RAM-50hex

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 50k sets the first read to be from the first row of RAM and sets the auto-
increment flag so that each successive read will be from the next row of RAM. To read all 64 bits of Sensor RAM,
make eight 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.
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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-EOhex
Writing and EOre to the control register resets the interrupt line, usually after reading the Sensor RAM contents.

Menu Status LEDs

Write display RAM-90hex

The EXP sets up the 8279 for a write to the display RAM by first writing this command. Writing the value 90i 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 LEDs are scanned from left to right. The LEDs 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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A12 Rear Panel Board <3> and <4>

This board is the oscilloscope’s link to the outside world. It contains connectors for one GPIB Port, one RS-232 Port,
and one Printer Port (Centronics style).

The Rear Panel board is controlled from the /O board through a 40-wire cable (J78). This cable contains an 8-bit
bidirectional data bus, a 4-bit address bus, four device select lines, four interrupt lines, GPIB DMA request and
grant lines, four device control lines, and assorted power supply and ground lines.

The data bus and address bus drive the GPIB controller IC (U410) directly. The microprocessor is trying to read or
write it. Control signals DBIN, and WR(L) are used by U410 to determine if the current microprocessor, it pulls the
GPIB INTR(L) line low. The interrupt controllers on the Main Processor board monitors this interrupt line and will
signal the microprocessor to service U410. Among the services needed by U410 are: the receiver section of the IC
has a byte of data (Inbyte register) from the GPIB bus that the microprocessor needs to read. The transmitter sec-
tion’s register (Outbyte register) is empty and is ready to receive another byte of data. The status of the GPIB bus or
U410 has changed and the microprocessor has to be notified.

On the opposite sides of the GPIB controller IC is another bus system. There is an 8-bit data bus which goes toa
bi~directional GPIB Data buffer U500. There is an 8-bit control bus which goes to a GPIB Control Driver (U510).
The signal flow direction here is done in groups of 3 and 4. The TE (TALK ENABLE) signal from U410 controls the
direction of U500 and DAV, NDAC, NRFD of U510. The CONT (Direction Control) signal from U410 controls the
direction of ATN, SRQ, REN, and IFC of U510. The GPIB bus is connected to the opposite side of the U500 and
U510. U500 and U510 are specially designed to be TTL signal level compatible on the U410 side and GPIB bus com-
patible on the bus side of the buffer driver.

U600C allows the GPIB Data buffer (U500) to be in either of two modes. With U500-11 (Pull-up Enabled) high, the
GPIB bus sides of U500 has active pull-up drivers enabled for higher speed communications. This is the normal
operation.

With U500-11 low, these outputs have only resistor pull-ups. The data must be transferred slower, but the resistors
allow parallel polling of devices on the GPIB bus.

The state of three control signals from U410 are monitored and displayed on the rear panel of the 11401. These are
SRQ (DS700), NRFD (DS710), NDAC (DS711). These LEDs (buffered by U600) show the state that U410 is in, not the
state of the GPIB bus.

Two other signals of interest are GPIB RQ and GPIB GR(L). These are used by the DMA controller on the Main
Processor board to communicate with the GPIB controller (U410) (if the DMA IC is installed). The DMA can be pro-
grammed by the microprocessor to service either the Inbyte register or the Outbyte register, but only one at a time.
Once the DMA has its instructions from the microprocessor, it waits from GPIB RQ (GPIB Request) to go high.
When the GPIB RQ goes high, the DMA request the System bus from the microprocessor by setting the micropro-
cessor HOLD signal high. Usually within 2 to 10 ps the microprocessor finishes its current instruction an turns the
System bus over to the DMA. It signals the DMA that it can use the System bus by setting the HLDA (Hold Ac-
knowledge) line high. The DMA sets the GPIB GR(L) (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 pre-
sent, the DMA is only used to write to U410.) When the data transfer is complete, the DMA sets the GPIB GR(L) 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.
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The Standard RS-232-C 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 micropro-
cessor to select individual registers in the controller. The STD RS SEL(L) line goes low when the microprocessor
wants to communicate with U311. (This line drives the Chip Enable on U311.) The RD(L) and WR(L) signals are
driven by the microprocessor to signal if U311 is to be read or written. U311 can request service from the micropro-
cessor by setting the STD RS INTR(L) (interrupt) line low. The microprocessor can transmit data on the RS-232-C
bus by writing a byte into the controller’s transmit buffer. The microprocessor can receive data from the RS-232-C
bus by reading a byte from the receiver buffer. The microprocessor can also read the status of U311. The RS-232-C
controller translates the parallel data from the microprocessor to serial data on TXD RS-232-C bus. Italso converts
the serial data from RXD on the RS-232-C bus to parallel data for the microprocessor. U310 and U210 are transmit
and receive buffers which are compatible with the RS-232-C bus. Clear To Send (CTS) and Data Set Ready (DSR)
are RS-232-C control signals that can be controlled by the microprocessor. Request to Send (RTS) and Data Termi-
nal 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-C port is a DCE type.

Two diode packs are connected to all the signal lines on the RS-232-C bus. The diodes clamp the lines to a maxi-
mum of 115 V. This js 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 two 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-C controllers. The Printer Sel(L) line is set low by the microprocessor when it is communicating
with U430. The RD(L) and WR(L) 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 port and Port B to be a strobed 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(L)) 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(L)) signal. When the printer receives the
Data Strobe and is ready for the next byte, it returns an Acknowledge (ACK(L)) 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.

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(L) for Port B).

All the signal lines on the Printer Port (J111) are connected to two diode pacl'<s (CR605, CR606). These clamp the
lines at the maximum of 0 and +5 V. This is intended to protect U520, U540, U541 from static discharge on J111.
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Table 2-3

Rear Panel Board Interface J78

Pin Signal Full Signal Definition and Use

Number Name Name

1 RESET(L) Reset Not System reset from processor board.
Used to initialize ICs on the R.P board.

2 DO Data Line 0 Bit 0 of eight-bit bidirectional data bus, buffered from the
microprocessor bus.

3 D1 Data Line 1 Bit 1 of data bus. See Pin 3.

4 D2 Data Line 2 Bit 2 of data bus. See Pin 3.

5 GND Ground Power supplies and signals return path.

6 D3 Data Line 3 Bit 3 of data bus. See Pin 3.

7 D4 Data Line 4 Bit 4 of data bus. See Pin 3.

8 D5 Data Line 5 Bit 5 of data bus. See Pin 3.

9 GND Ground See Pin 5.

10 Dé Data Line 6 Bit 6 of data bus. See Pin 3.

11 D7 Data Line 7 Bit 670of data bus. See Pin 3

12 4MCK(L) 4MHz Clock | Clock to drive the GPIB IC.

13 GN Ground See Pin 5.

14 Al Address Bit1 | Bit1 of buffered and latched address bus from the
microprocessor. Used for device selection.

15 A2 Address Bit2 | Bit 2 of address bus. See Pin 14.

16 A3 Address Bit3 | Bit 3 of address bus. See Pin 14.

17 GND Ground See Pin 5.

18 A4 Address Bit4 | Bit4 of address bus. See Pin 14.
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Table 24

SDI Plug-In Communications Interface J90

Pin No. Signal Full Signal Definition and Use
Name Name
1 +15V +15 volts + 15 volt power supply to the cardcage, from the
Plug-in Interface board.
2 L.SDL.CK Left SDI Clock signal that drives the Left Plug-in compartment’s
Clock serial communications port. Its source is the Std. /O board.
3 -15V -15 volts ~15 volt power supply to the cardcage, from the Plug-in
Interface board
4 R.SDI.CK Right SDI Clock signal that drives the Right Plug-in compartment’s serial
communications port. Its source is the Std. I/O board.
Clock -
5 PU/D(L) Power Up/ When this line is high, the power supplies are up and
regulating. When the line is low, it warns that the supplies are
Down (L) going down or are down. The signal source is the power
supply via the Plug-in Interface board.
6 L.D. Left Data Serial data path. Data flows from the plug-in to the oscilloscope
PI>MF plug-in to to request set-up info and to return its status.
oscilloscope
7 GND Ground Signal and supply current return path
8 L.D. Left data Serial data path. Data flows from the oscilloscope to the plug-in
MF >P1 oscilloscope | to control it and ask for status information.
to plug-in
9 R.D. Right data Serial data path. Data flows from theoscilloscope to the plug-in
MF >PI oscilloscope | to control it and ask for status information.
to plug-in
10 GND Ground Signal and supply current return path
11 AD. Auxiliary Serial data path. Data flows from the auxiliary plug-in to the
P1>MF data plug-in | oscilloscope to request set-up info and to return its status.
to oscilloscope
12 R.D. Right data Serial data path. Data flows from the oscilloscope to request
ME >PI plug-in to set-up info and return status.
oscilloscope
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Table 24 (Cont.)

SDI Plug-In Communications Interface J90

Pin Signal Full Signal Definition and Use

No. Name Name

13 +15V +15 volts +15 volt power supply to the card cage, from the Plug-in
Interface board.

14 A.D. MF>PI Auxilliary This is the serial data path. Data flows from the mainframe to
Data Main- the aux. plug-in to control it and ask for status information.
frame to Plug-in

15 A.SDL.CK Auxilliary This clock drives the Aux. Plug-in compartment’s serial
SDI Clock communications port. Its source is the Std. I/O board.

16 GND Ground Signal and supply current return path

19 RD(L) Read Not If this is low, the selected LSI IC is being read by the
microprocessor. It shouldput data on the data bus (D0-D?).

20 WR(L) Write Not 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(L).

21 GND Ground Signal and supply current return path.

22 DBIN Data bus In 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 controller.

23 GPIB.RQ(L) GPIB If this is low, the GPIB IC is requesting service from the DMA

Request controller. Itis used for higher speed data transfers.
Not

24 GPIB.GR(L) GPIB When low, the DMA controller is granting service to the GPIB
Grant Not IC. DBIN tells the GPIB the cycle is a read or a write.

25 GND Ground Signal and supply current return path.

26 GPIB.SEL(L) GPIB When low, the GPIB is selected to communicate with the
Select Not microprocessor.

27 STD.RS(L) Standard If this low, the standard UART is selected to communicate with
RS232 Not the microprocessor.

Select
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Table 24 (Cont.)

SDI Plug-In Communications Interface J90

Pin Signal Full Signal Definition and Use
No. Name Name
28 OPT.RS(L) Optional When low, the optioanl UART is selected to communicate with
SEL RS232 the microprocessor
Select Not
29 Centronic(L) Centronic When low, the Parallel Interface IC is selected to communicate
.SEL Not Select with the microprocessor
30 GND Ground Signal and supply current return path
31 GPIB.INTR(L) | GPIB When low, the GPIB IC is requesting service from the
Interrupt Not microprocessor via the interrupt controllers.
32 STD.RS(L) Standard When low, the standard UART is requesting service from
INTR RS232 the microprocessor, via the interrupt controllers.
Interrupt Not
33 OPT.RS(L) Optional When low, the optional UART is requesting service from the
INTR RS232 microprocessor, via the interrupt controllers.
Interrupt Not
34 Centronic(L) Centronic When low, the Parallel Interface IC is requesting service from
ANTR Interrupt Not the microprocessor, via the interrupt controllers.
35 GND Ground Signal and supply current return path.
36 GND Ground Signal and supply current return path.
37 +12V +12 volts The +12 volts to the RS-232-C
line drivers.
38 +5V +5 volts The +5 volts to the ICs on the Rear
Panel board.
39 +5V +5 volts The +5 volts to the ICs on the Rear
Panel board.
40 -12V -12 volts The -12 volts to the R5-232-C line drivers.
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A14 Input/Output Board <21> and <22>

The Standard 1/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. These /O ad-
dresses are decoded to produce device select signals which enable the addressed device. Each I/O device is located
on /O address boundarys of at least 100u=. Except for the exec bus interface, all the interfaces are via these flexible
cable connections:

e J72-Front Panel Control Board
e J77-Main Processor Board

e J78 -Rear Panel Board

e J90-Plug-In Interface Board

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

When the DMA controller (option 4D) is installed on the Main Processor board, the Standard I/O 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 [/O Data buffer U832. The outputis
the /O Data bus, which drives data to six different on-board devices. (I/O delayed data buffer, rear panel data
buffer, front panel data buffer, DAC data latch, tone/temp readback buffer, timer configuration logic [latch]).

I/O Delayed Data Buffer (diagram 21)

The J/O Delayed Data buffer interfaces between the /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 /O Control circuitry to keep BDEN from immediately turning on the
J/O Delayed Data buffer at the beginning of a write cycle, when the previous bus cycle was a read. The devices us-
ing the Write Delayed Data bus are MOS parts and take a long time (100 - 200 ns) 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 J/O device.

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 /O address 3200, LS4(L) and BIOWC(L) go active and latch the /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
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Executive bus signal DIAGNSIG is passed to the CLK input of Counter 2. DIAGNSIG is used to signal the occur-
rence of a diagnostic test or an operation in a test. The output of a circuit being tested is placed 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 neces-
sary 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 input
(D) appears on the output (Q) as an AX interrupt to the EXP (IR2X). To clear the interrupt from U812B, the system
does a read from the Timer Configuration Logic port at 3200.e. Counter 0 runs continuously and generates a posi-
tive 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
setand 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 require-
ment 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 if moisture condenses on the board. Oscilloscope setup instruc-
tions 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. Also, if the jumper is removed the RTC IC may not oper-
ate normally even when the oscilloscope power is on.

CAUTION

Lithium batteries can be dangerous when they are discharged too fast, when more than a very small 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 up in a mode to produce an interrupt
once every second. Then an external timer—counter is used to measure the period from a falling edge (TP310) 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 al-
low 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.

Serial Data Interface (SDI) (diagtam 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
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when a device requires service. The EXP controls the SDI with /O writes (BIOWC(L)) and reads (BIORC(L)) to /O
address 2000k — 203Bier. 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 oscilloscope.
SDINs and SDOUTS are serial data inputs and outputs, respectively. The current-limiting 100 O in-line resistors
and the clamping diode packs CR230 and CR231 give protection from damage due to inadvertent insertion or re-
moval of plug-in units with the power on. Pull-up resistors (10k {}) are attached to both the inputs and outputs and
tied to 5 V 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 CLKIOUT, 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 CLKIOUT and to keep a shorted clock line on one plug-in from disabling the other two, 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 as ALE goes low and is 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 J/O addresses are
listed in Table 2-5.
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Table 2-5
I/0O Addresses for Device Selects

PAL I/O Address (r) Select Line Select Name
2000-203E SI(L) SDI Sel(L)
S2(L) Not Used
3100-3106 S3(L) Timer Sel(L)
U722 3200 S4(L) Timer Confsel(L)
3300-3302 S5(L) Touch Panel 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-232-C Sel(L)
U730 6100 S16(L) Opt. RS-232-C Sel(L)
6200 S17(L) Printer Sel(L)

The device select lines are latched by U622 and U630 with the buffered Address 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 Front- and Rear Panel boards. The Latched Select lines are
also gated to produce buffer enable lines for the /O 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. DMAO SEL(L)
acts as a chip select for DMA operations on the Rear Panel board. DMAO 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 P15 V voltages reach the Standard /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 +12and P12V
for the RS-232-C line drivers on the Rear Panel board. U110A and VR100 produce a precise +6.5 V, which is used
as a reference voltage by the Temperature Sensor.

The +5 V 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 V current for the Front Panel board. The
fuses have indicators on the board that point at their output ends for easy functional checks.
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Temperature Sensor (diagram 22)

The EXP uses the Temperature Sensor to get a digital reading of the temperature in the oscilloscope. When a spe-
cific temperature change has occurred, the oscilloscope can automatically recalibrate 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 (1 pA/° C). This current produces a voltage differential across precision resis-
tor R134, which sets the transconductance (I —+V) of U124. The resistor network on pin 3 produces a reference offset
voltage (2.45 V) for U124 which can be calibrated with R110 (if present). The Temperature Sensor is calibrated at one
temperature and should remain usably accurate over its range of —27 to 100° C. The accuracy of the 6.5 V supply
and resistors is critical for accurate operation. As the temperature rises, the output of U124 goes more negative.

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

The Temperature Sensor is read by the EXP with repeated writes and reads following the successive approximation
algorithm. First, a byte of data is written to the DAC at /O address 3900 with only the most significant bit (I0D7)
set high. This produces a voltage which is compared with the output of sensor op amp U124. The result of the com-
parison 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 temperature value.

DAC Data Latch (diagram 22)

Latch U610 latches data from the /O data bus on the rising edge of BIOWC(L) when LS10(L) or L511(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 cur-
rent (0 ~1 mA) on both its outputs. Both DAC outputs are activated at the same time, but the pin 4 output increases
in current while the pin 2 output decreases in current. As the 8-bit digital number increases. When a value of 0 is
sent to the DAC it sinks the minimum current of 0 mA on its pin 4 output, but sinks 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
into 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 /O address 3800k (LS10(L)) or 3900 (Ls11(L)) with BIORC(L). IOD7
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 diagnostics default RS-232-C baud rate).
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Tone Generator (diagram 22)

The Tone generator is based on a 555 timer, U220, with a special current driver to set its frequency. 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 3800u (LS10(L) active). The trailing edge of BIOWC(L) actually latches D8. A write to
3800k 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 mirrors in U214. This output has a maxi-
mum value of 1 mA when a value of 0 is written to the DAC. U214 generates two separate current flows; pin 8 pro-
duces 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 Trig-
ger/Threshold inputs of the timer is turned off, so capacitor C230 is charging at 2 maximum 1 mA rate. When the
voltage level on the Trigger/Threshold inputs reaches the threshold it causes the Output to switch high and Dis-
charge to go low. The low Discharge line causes the transistor (6, 7, 8) to turn off making transistor (1, 15, 16) turn
onand try to sink twice the current that U214 transistor (8, 9, 10) is supplying. The result is that C230 discharges at
that same rate it charged at.

The voltage level on C230 follows a symmetrical triangle pattern. The slopes of the triangle are slower and the out-
put frequency lower for higher DAC Digital values.

The output of U220 drives through a 100 ) resistor to the front panel connector J72 and out to the front panel
speaker. The other side of the speaker is returned to pin 1 of U220 to reduce radiated signals from the speaker coil.
CR121 minimizes 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).

Rear Panel Address Buffer (diagram 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 /O devices. The EXP puts the GPIB
in a mode where it transfers a byte during each EXP /O read or write to it. Input requests or “ready for more data”
conditions are signaled with GPIB INTR(L), which becomes IR32(L). BIORC(L) is inverted by U820B to generate
normal DBINSs.
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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 DACKO(L). (DACKO(L) removes the GPIB request when the DMA controller acknowledges it to avoid
erroneous multiple requests.) DACKO(L) active prevents U820B from inverting the EXP I/O read line BIORC(L),
which becomes the GPIB read/write line, DBIN. Each data byte transferred can take two bus cycles (read from mem-
ory, write to GPIB). DACKO(L) is buffered by U412B to create DMAO 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 ]78 is removed, the Rear Panel interrupt lines will be pulled high by the 10k { resistors tied
to 5 V. This prevents the EXP from being inadvertently interrupted.

Front Panel Data Buffer (diagram 22)

Integrated circuit U600 buffers the /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.

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 sources on the Front Panel. To disable the infrared detectors, the EXP writes a zero on /O data
bus line IODO to address 3400s=. IODO is clocked into U700B by ORed BIOWC(L) and LS6(L). The IRDIS(L) is set
inactive (LEDs ON) by writing a one to the latch or by an active RESET(L). Only during diagnostics will the infra-
red sources (LEDs) be disabled.
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A15 Memory Management Board <27 and <28>

The Memory Management Unit (MMU) board coordinates communications among three oscilloscope 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 reg-
ister 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 DRAMs), which are fully supported
for simultaneous accesses. The MMU Gate Array controls high-speed transfers of waveform data and communica-
tion 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
e reads the Digitizer

e 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 EXPs I/O
address 1860i. Figure 2-7 shows the layout of the SMR status and control bits. Upon power up, the EXP must in-
itialize 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 inaccessible 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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Figure 2-7. MMU Status and Mode Register

Addresses for waveform memory accesses are generated within the MMU Gate Array by the Random Address gen-
erator (RAG) or by the Sequential Address generator (SAG). The RAG is used only to put waveform data from the
Digitizer into waveform memory. Fifteen, 9-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 4-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 2-8 shows a block diagram of the Random Address generator.

DIGITIZER (DIG)
SUBSYSTEM

TAG
ﬁ/‘ RAG 0 - RAG 14
p 8 BITS
‘20
16, RAG REGISTER 17 8
A
orsser | * OFFSET 5 0
] 18 BITS

TO ROW/COLUMN
ADDRESS INCODER

Figure 2-8. Random Address Generator
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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 reg-
ister (MLR). To set the SAG to transfer a message into waveform memory, the EXP first loads the MPR with a begin-
ning 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 2-9 shows a block diagram of the Sequential Address generator.

FROM EXP ADDRESS ADDER

DATA BUS
. TO ROW/COLUMN
#36T] APDRESS COUNTER % COUNTER 15— 0 | ADDRESS ENCODER
P ——— e ————
+POINTER  —-4
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OL—/——— MESSAGE POINTER £

14 714

{1/0 1846 [HEX])

SAG INTERRUPT

7 MESSAGE LENGTH 2
16 16

Digitally signed b
(1/0 1842 [HEX)) pu ARTEK MEDIA
9 ARTEK MEDIAZ ==
o "l | 0=DC Henderson, c=US
Date: 2005.04.02
‘‘‘‘‘‘‘‘‘‘‘‘‘ 06:29-17 -06'00'

Verifed

Figure 2-9. Sequential Address Generator

Display Interface

Data is transferred to and from the Display through the Compressor board on a 16-bit data bus (Y0 - 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 bi-directional Display Data buffers for Even and Odd bank waveform
memory accesses. U400B and U500A buffer the four dedicated handshaking lines that synchronize the Display In-
terface. These buffers can be disabled for diagnostic tests. The special handshaking lines for the Display interface
are:

e 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.

e DATARDY(H) Generated by the Display when it is ready to send data to waveform memory.

e 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 9, Start WT _DSY, in the
Status Mode register (SMR). After bit 9 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
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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 contin-
ues 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 2-10 shows timing for Display Interface
read and write cycles.

cLx AN UNANANNANANANANANANASN
— 44ns -
READ FROM DRAM
SENDNEW (L) \ /
EDD (L), ODD (L) \ 4
DATALATCH (L) |
RE DATA ‘\/ >———
WRITE TO DRAM
DATARDY / o
DATAGATE (L)
" QDD (L), soi: {8} \ /
oD J/ N\
Figure 2-10. 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.
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For transfers to waveform memory, the MMU Gate Array latches address bus (GO - 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 Fig. 1-11.) 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 address line A0 is 0 or 1, respectively. The appropriate latch output is en-
abled by ERG(L) or ORG(L) from the MMU Gate Array.

CcLK
44ns
READ FROM DRAM

DIGACK (L) \ /
DDL (L) \—_—_/—_‘—

EWG (L)

OWG (L) N\ i

WRITE TO DRAM

DIGREQ (L) "™\ /

AOUT (L) \ /

DIGITIZER / \
ADDRESS \ /

DOUT (L) \ /
DIGITIZER
DATA

Figure 2-11. 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 OEi for RAG14. When the
last word of the message has been sent, a dummy data transfer is sent to RAG15 (0Fhex), 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
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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 Fig. 1-11) 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 inter-
rupts 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 ISOP 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 diag-
nostic 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 per-
form. 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 I/O. The
other control and status inputs are decoded for the possible EXP bus cycles in Table 2-6.

Table 2-6

Types of EXP Bus Cycles
MI1/O S1(L) SO(L) Type of Bus Cycle
0 0 1 | I/O Read
0 1 0 Not Used
1 0 1 Memory Read
1 1 0 Memory Write
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 EXPs 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 mem-
ory 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 /O Data latches with Data Latch Enable
until the EXP reads it by activating DEN (Data Enable). Figure 2-12 shows the timing for EXP interface cycles.
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Figure 2-12. BEXP 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 2-12.

When the EXP is writing directly to the MMU Gate Array, it does so with an I/O bus cycle to address range 1800 -
1FFFhex. The SMR is located at J/O address 186k 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
e INTI(L) Digitizer Interrupt (RAG15)
® INT2(L) Display Interrupt

The EXP responds to these interrupts by clearing the interrupt bit in the SMR and, if needed, settmg the start bit for
another transfer. These interrupt lines are inverted for the Executive bus by U624A-C.

2-66 11401/11402 Extended Service Manual



Theory of Operation

DRAM Control

The DRAM is supported as two separate memory banks (Even and Odd). The MMU Gate Array generates 8-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 () 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 128 KB to 512 KB.
This is important to the MMU Gate Array when it is generating DRAM address.

Even DRAM (diagram 28)

The Even DRAM provides 64 KB of dynamic memory for waveform data and for subsystem communication mes-
sages. 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 ad-
dress 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 en-
larges waveform memory to 256 KB by replacing the 16K x 4 bit DRAMSs with 64K x 4-bit DRAMs.

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:

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

In addition, the MMU Gate Array supplies the Even DRAM with a common multiplexed 8-bit address bus (J0-7), 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 2-13.
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Figure 2-13. DRAM Interface Timing

Data lines E0 - 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 {) resistors to eliminate exces-
sive undershoot on high-to-low transitions. Each data line is also connected through a 2.7k Q resistor to +5 V 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 ad-
dress 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 KB of dynamic memory (248 KB 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, U220) C20(L)

e High bank Low byte (U230, U224) C30(L)

® Low bank High byte (U122, U120) COO(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).
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Processor Data Buffers (diagram 28)

The Processor Data buffers interface between waveform memory and the /O Data buffers and latches, which pro-
vide data buffering for the Executive bus. The Processor Data buffers are eight-line, bi-directional 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 [/O Data buffers and latches. MMU Gate Array-controlled timing for
transfers is explained under Figure 2-12 in the discussion of the MMU Gate Array.

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 bi-directional 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 2-10, under the MMU Gate Array dis-
cussion, describes the transfer timing.

Digitizer Data Buffers (diagram 28)

The Digitizer Data buffers drive data from the DRAM memory to the Digitizer through Time Base Port }83. 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 2-11, under the MMU Gate Array discussion, de-
scribes the 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
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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.

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 coor-
dinate 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.
e LOE(L) Active during memory reads by the EXP.

e DIAG(L) Active when the EXP reads from or writes to diagnostic registers external to the MMU Gate Array at
I/0 addresses 1900xex and 1980kex.

e BUFEN(L) Active during memory and 1/O operations to waveform memory or the MMU Gate Array I/O space
(1800rex—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 1980k and 1900k, 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 /O Data latches when the EXP is reading from waveform memory and DEN is high. U720A clocks the diagnos-
tic control latch U530 when /O address 1900k is written to by the EXP. U432A enables diagnostic buffers U112 and
U501B when the EXP reads from I/O address 1980n. U432B enables diagnostic control latch U524 when EXP writes
to address 1980nex.

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 U612, 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 U814B. 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 ISOP, to initialize the Ready Synchronizer and set its SRDY output high.
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I/O Data Buffers and Latches (diagram 27)

The I/O 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 bi-directional 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 2-12, 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 /O address 1900k 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 hand-
shake 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 /O address 1980k It consists of separate write and read compo-
nents that carry different information. The write port is U524 which is enabled by the ISOP line and clocked by a
line from the Address Decode/Select. US24 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 <29>, <30> and <31>

The oscilloscope waveform display is made of 512 vertical lines. No matter what type of waveform is being dis-
played, 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 necessarily be longer. The length of the line
will represent the FV 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 11401/11402 oscilloscope uses to produce
its display.

The waveform compressor part of this circuit provides 512 pairs of data points to the display. The MMU always pro-
vides 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:

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

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.

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.

The WCA can transfer data representing displays of any size. The executive processor (EXP) synchronizes the num-
ber 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 output point-pairs times
the compression factor (CF). 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.
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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.

e Compressed (N). In N mode, 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 regis-
ter, then sent to the DSY to produce a complete display. (The offset from the adder provides position control.)

Compression Factor (CF)

The CF is the number of data points from which each min-max pair is extracted. As shown in Table 2-7, 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).

Table 2-7
Compression Factor

Input Points Min-Max Points CF

512 512 1

1024 512 2

2048 512 4

4,09 512 8
5,120 512 10
8,192 512 16
10,240 512 20
16,384 512 32
32,768 512 64
51,200 512 100
65,536 512 128
130,560 512 256
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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:

1. Data is not NULLP and Min is OVER, or

2 Minis NULLP, or

3. Data is UNDER, or

4. Min is not UNDER, and Data is not NULLP and not OVER, and Min > Data, or
5

Data is last point in group to be compressed (EOC=true), and all NULLPs were found in group
(ALLNULL =true), or

6. M/MUND =true.

Criteria for Replacing the Maximum

Input data is latched into Max register if:

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

ATl B A

Data is last point in group to be compressed (EOC=true), and all NULLPs were found in group
(ALLNULL =true), or . '

6. M/MUND =true.

At the end of the compression sequence:

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

2. The role 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).
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Adder

The Adder provides an offset to vertically positioned the display on the CRT. Available offsets range from P32,768
to +32,767, as provided in a two’s complement 16-bit word. The output of the Adder circuit will be one of the fol-
lowing four cases:

e NULLP if data is NULLP,

e UNDER if data is UNDER, or if data is negative, offset is negative, and result is positive,
e OVER if data is OVER, or if dat is positive, offset is positive, and result has carry, or

e 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, and U424, diagram 29)

The Address Decode/Select (ADS) monitors data on the system address bus. During /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
0x00¢ 000k on lines A15 through AO, respectively.

When enabled, encoder U430 produces a low on one of its Y0-Y7 output lines, as indicated by the state of the Al,
A2, and A3 input lines. Encoder U430 is enabled when:

e Decoder U524 produces a low on its output

® Al2 line is high

e M/IO() line is low.

Latch U424 will hold the output 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 1000i and 1010s.. Table 2-8 shows the address to register mapping.

Table 2-8

1/O Address Mapping
Location Operation Register
1000ke Write Mode Word
1000ne Read Status Word
10024ex Write WCARST*
10021 Read ADDATA
1004ne Write Compression Factor
1006k Write Offset
10084 Write ROMAX*

ROMAX** = no register storage
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Mode Select Register (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/ Nonvectored, and Normal/Test.

In the Compress/Transparent mode, the C/T(L) bit is used in the adder state machine and the compressor flag-de-
coding 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.

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

The Normal/Test mode specifies whether the adder output is to be transferred to the Display or presented to the Ex-
ecutive Processor (EXP). In normal mode, the adder state machine waits for the Display’s SENDNEW(L) signal be-
fore 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 data points from which the compressor will select a min-max pair for
the adder. The CF is an 8-bit number, valid in the 1 to 255 range. A value of zero, which is specified as undefined
in the HW/SW interface for WCA programming, will be equivalent to the value 256. The value stored in the CF reg-
ister is loaded into an 8-bit counter (U814, U820) by the RSTCYC(L) signal. This counter consists of two 4-bit de-
vices (74ALS5191) connected as an synchronous two-stage counter with ripple carry-borrow. The RCO(L) output of
the lower 4-bit counter (U814) is the input to the upper 4-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
1008,

Clock Generator (Y122, diagram 29)

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

The following are inputs to the Compressor State nmachine:

(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 as-
serted.

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, U210A, U812, and U510.) If EOC is 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 compressor 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 duration of the
EXPs IOWC(L) pulse. Therefore it is specified, in the HW/SW Interface, that a mode word be written only after de-
termining that the WCA is in its idle state. This restriction requires only that the WCA not be restarted while it is
transferring previous data.

ADDAV(L) (ADDer AVailable, U224 in Adder Control on diagram 31) - When asserted, ADDAV(L) signifies that
the adder state machine is available to accept new data from the compressor. When the compressor has finished
compressing a group of data points, it will test its ADDALV(L) input; if neither ADDAV(L) nor WCARST is asserted
the compressor will stay in the “wait add” state until one of them is asserted.

The variables of the compressor state machine are used as output signals. Each state is represented in a unique com-
bination of state variable. The outputs are:

MMUAVAIL(L) (MMU AVAILable, U222 pin 15 in Compressor Control, diagram 29) - The MMUAVAIL(L) signal
has two functions:

e sets the MSENDNEW(L) signal into the state that indicates the compressor is ready for the next data element
from the MMU, and

e clears the (C)DATAIN(L) input signal.

To speed the executions of the MMU (for fetching the next word) and the compressor (for processing the current
input), MMUAVAIL(L) is asserted before the compressor has finished with its current data group. The MMU is
specified to take at least 300 ns before it will assert the MDATALATCH(L) control. The compressor state machine
will resume its idle state within this 300 ns; therefore, no overrun is possible.
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LCTL (Latch ConTroL, U222 in Compressor Control on diagram 29) -~ Some of the compressor’s internal control
signals are decoded asynchronously with respect to the state machine cycling. The LCTL pulse synchronizes the
ALLNULL and M/MUND signals by latching their values within a compressor state. This stabilizes the control in-

formation.

RSTCYC(L) (ReSeT CYCle, U222 in Compressor Control on diagram 29) - The Reset Cycle pulse is produced when
the compressor has finished compressing a group of data points. This signal loads the compression factor counter
and serves as an input to the M/MUND decoding circuit.

M/MLATCH(L) (Min/Max LATCH, U222 in Compressor Control on diagram 29) — The compressor comparators
decode a latch control, and latch the decoded level into a D flipflop. If the comparator outputs are asserted true
(low) the M/MLATCH(L) signal, which is produced after the comparisons have stabilized (being combinationally
produced), will cause the Cx and/or Cy LatchEnable signal to change from low to high.

M/MCLR(L) (Min/Max CLeaR, U222 in Compressor Control on diagram 29) - The M/MCLR(L) signal prepares the
Cx and Cy registers to receive new data by setting their Latch Enable inputs low.

ADDLATCH(L) (ADDer LATCH, from U222 in Compressor Control, diagram 29) - When the compressor has data
for the adder and the adder is available, the compressor sends ADDLATCH(L) to latch the data from the Cx and Cy
registers to the Ax and Ay registers.

IDLE(L) (from U222 in Compressor Control on diagram 29) — The IDLE(L) signal indicates that the compressor is in
its idle state. TDLE(L) is connected to the compressor status word registers. Indicating that the compressor is idle
ensures that the compressor has finished processing the information it received from the MMU.

NOTE

When the compressor is in idle state, the (C)DATAIN input will occur asynchronously and will cause the state ma-
chine to change states. The state, to which the machine goes after idle, should be only a single bit different from
idle (or an indeterminate state may exist). Therefore, the idle bit will be asserted one state after the compressor rec-
ognizes input from the MMU. This means that the idle flag will be inaccurate for one state period. Such a discrep-
ancy will produce no erroneous operation if the idle bit s tested only after the current transmission to the Display
has resulted in an interrupt from the GPAG. This restriction is acceptable because the compressor is known not to
be idle between the time an MMU transfer is initiated and completed.

MMU Input Register (U500, U800, diagram 30)

Data from the MMU is latched into a 16-bit register, which consists of U500 and U800.

The latch control signal, MDATALATCH(L), is derived directly from the MMU DATALATCH(L) signal; it is asyn-
chronous with the WCA clock.

NOTE

U120 inverts data bit 15 at the output of U500; it stays inverted until it is restored before the adder presents it to the display.
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Special Case Flag Decoding

The WCA recognizes three special cases of data: Null, Over, and Under. Outside the WCA, three 16-bit words rep-
resent these three cases; these three cases are encoded by three mutually exclusive bits within the WCA. These
cases directly affect the min/max latch decoding and the selection of the output value from the adder circuit. When
a data value is latched into Cx, Cy, or both, the special flags are also latched. Therefore the Cx, Cy, Ax, and Ay regis-
ters are effectively 19 bits wide (16 bits of data and 3 bits of flags). This recognition circuit are combinational; it set-
tles to the correct state after the MMU input registers is changed. The flags are decoded only in Compress Mode, as
previously explained. Four 8-bit identity comparators perform the decoding.

Table 2-9
Case Flag Encoding
Byte

Comparator Upper Lower

#1 recognizes 0111 1111 _
- #2 recognizes —_— 1111 1111

#3 recognizes 1000 0000 _—

#4 recognizes _ 0000 000x

The combination of these four comparisons and data bit 0 are used to decode the three special-case flags.

NOTE

In the compressor circuit, the flags are positive true; in the adder circuit they are negative true.

X Comparator and Y Comparator OQutput Latches (U510, U812, U310, U612, dia-
gram 30)

These two registers hold the intermediate values of a compress group’s minimum and maximum values. The com-
parator X register can serve as either the minimum or maximum register, as determined by the M/M MUXSEL signal
to U320. The comparator Y register will always be the opposite of X; if X is min, Y will be max, and vice versa. The
outputs of these registers are connected directly to the input of the adder registers.

X and Y Comparators (U410, U710; U302, U610, diagram 30)

These two 8-bit comparators permit the system to compare the compressors’ present contents with the current input
from the MMU. Each comparator produces four signals, which indicate that (P> Q) (L) and (P=Q)(L) in both the
lower and upper bytes. The MMU input register is connected to the P input to the X and Y Comparators, and the X
and Y Comparator Output Latches are connected to their Q inputs. The four output signals encode the relation be-
tween the values being compared; they are decoded in the min/max latch decoder (U420, U520 on diagram 30).
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Table 2-10
X and Y Comparator Output Encoding
Upper Lower
®>Q)L) | P=QM) | ®>Q)L) | P=Q)L) | Relation
0 0 0 0 Undefined Upper and
Lower Outputs
0 0 0 1 Udefined Upper Outputs
0 0 1 0 Udefined Upper Outputs
0 0 1 1 Udefined Upper Outputs
0 1 0 0 Undefined Lower Outputs
0 1 0 1 P>Q
0 1 1 0 P>Q
0 1 1 1 P>Q
1 0 0 0 Undefined Lower Outputs
1 0 0 1 P>Q
1 0 1 0 P+Q
1 0 1 1 P<Q
1 1 0 0 Undefined Lower Outputs
1 1 0 1 P<Q
1 1 1 0 P<Q
1 1 1 1 P<Q

X and Y Minimum/Maximum Latch Decoders (U420, U520, U320, U210A and B,
diagram 30)

A combination of inputs (two sets) indicates whether the current input should be latched as the new minimum or
maximum of the current group. The two sets (each set includes comparator, register, and latch) are virtually identi-
cal - they differ only in that at one time X will be min and Y will be max, or vice versa. The latch decoding takes
place in a programmable array logic (PAL) IC, one for X (U520), and one for Y (U420). These PALs produce two out-
puts — one for minimum and one for maximum latching. The two outputs are active low, combinationally derived,
and are synchronized to the compressor state machine with a D flip-flop (U210A and B). The requirements for
latching are as follows:

Adder Input X and Y Latches (U712, U412, U512, U312, diagram 31)

The Input X and Y Latches hold the input values for the adder. The inputs of these latches are connected directly to
the output of the compressor’s Comparator Output Latches (diagram 30).

Adder Input Multiplexer (U202, U314, U414, U614, U714, diagram 31)

This multiplexer combines the output of the two Input X and Y Latches into a world-serial data stream for presenta-
tion to the Adder. The RSEL signal from the Compressor Control (diagram 29) controls the multiplexer’s operation,
thus designating the order in which the data from the input data latch reaches the adder. This selection process is
necessary to ensure that the data always reaches the adder in minimum, then maximum order.
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Adder Offset Register (U624, U722, diagram 29)

The input data to the adder can have a 16-bit offset included. This offset must be stored in twos complement to al-
low for both addition and subtraction. The offset is entered as the other operand to the actual adder chips.

Output Word Control (U102A and F, U112A and B, U114A and B, diagram 31)

The output of the adder is connected to an output word selector. If the input data was one of three special cases
(Null, Over, or Sum) in the adder input registers, that special case will be transmitted ~ not the result of the addition.
The output selector provides the function that selects either the sum or one of the three special cases. The following
equations determine the values of 51 and S2, which are like two selector lines for a four-to-one multiplexer.

Table 2-11
Output Word Selection
S1 52 Select
1 1 NULL If AX(AY)is NULL
1 0 OVER If AX(AY)is OVER,

or AX(AY) bit 15 = 1,
offset = 0and carry exists

0 1 UNDER If AX(AY)is UNDER,
or AX(AY) bit15 = 0,
offset bit 155 = 1,
and sum bit 15 = 1.

0 0 Sum Any other condition.

If the added sum forces a positive value over the OVERrange value, the output data will be set to OVER. Similarly,
if the added sum forces a negative value below UNDERrange, the output value will be set to UNDER.

Adder State Machine (Refer to the Adder State Machine diagram)

The following are inputs to the Adder State machine:

Test — When the WCA is in Test Mode, the adder “expects” the EXP to read the data normally destined for the Dis-
play. The decoded IORC(L) pulse provides the read signal, via U324B on diagram 29.C/T(L) MODE (Compress/
Transparent MODE, from U724 on diagram 29)When the WCA is in the compress mode, the adder state machine
will transmit both its input values to U100A, B, and C (diagram 2) and U224 (diagram 31) as a min/max pair or points.
In the transparent mode, only one value will be sent.

DREAD(L) (Data READ, from U324B on diagram 29) —- DREAD(L) Is the decoded data read signal. It is the result of
an EXP input operation from address 1002

RSEL (Register SELect, from U332B on diagram 29) — RSEL indicates to the adder (diagram 31) which of its two in-
puts to process first.
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(A)DATAIN(L) (Adder DATA IN, from U330A on diagram 31) - When the compressor latches data into the adder
input registers, U330A asserts the (A)DATAIN(L) signal. The ADDLATCH(L) signal from the compressor clocks
U330A.

WCARST(L) (Waveform Compressor/Adder ReSeT, from U232A on diagram 29) ~ WCARST(L) notifies the adder
state machine that a reset is active. Regardless of its present state, the state machine will change to an initial, known
state when WCARST(L) is asserted. The machine will stay in that state as long as WCARST(L) remains asserted.

The following are outputs from the Adder State machine:

MUXEL (MUltipleXer SELect, from U224 on diagram 31) - MUXEL, the multiplexer control line for the adder input
register, is decoded from RSEL.

ADDAV (ADDer AVailable, from U224 on diagram 31) - ADDAYV indicates that the adder is idle (ADDAV high =
adder idle). A high on ADDAV means that the adder will accept data from the compressor. ADDAV is also con-
nected to the WCA Status word register.

DDATALATCH(L) (Display DATALATCH, from U224 on diagram 31) - The DDATALATCH(L) line coverts the
transfer of data to the Display. DDATALATCH(L) also sets the (A)DATAIN line to a low logic level. For more detail
about DDATALATCH(L), see the external specification.

DSENDNEW(L) (Display SENDNEW), from the Display (unit) — The Display asserts a low-logic level on
DSENDNEW(L) when it wants the adder to send new data to the Display.

DATE(L) (DATA Output Enable, from U224 pin 17 on diagram 31) — The DATAOE(L) signal enables the cable
buffers which furnish data to the Display.

Display to MMU Transmission

The MMU controls the arbitration of the bi—directional data path between it and the Display. The WCA does not
interfere with that arbitration; yet it interacts with it by providing buffers which must be enabled for the Display to
MMU path. The buffer enable signal is derived from the DATAGATE(L) interface line. It is delayed by U100D to
ensure that the data is valid long enough for the MMU to read it.
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A17 Main Processor Board <23> and <24>

After the user requests an oscilloscope operation (with a front panel control for instance), the Main Processor board
(MPB) directs the oscilloscope in performing the operation. Another primary function of the MPB is to run diagnos-
tic self—tests on the oscilloscope when powering up or when requested by the user. The MPB controls oscilloscope
operations by controlling and monitoring the other circuit boards sharing the Executive System bus. Through the
Executive bus boards, the MPB also indirectly controls all other oscilloscope boards. The Central Processing Unit
(EXP) generates command and status signals to control on board devices (i.e., Numeric Processor Extension, Inter-
rupt controllers, Bus controller), which help process data and help control the rest of the oscilloscope. The Central
Processing Unit is referred to elsewhere in the Theory of Operation section as the Executive Processor or EXP.

The EXP effectively controls the system by running firmware routines stored in EPROMs located on the MPB and
on the Memory board. Along with the Numeric Processor Extension (NPE), the EXP does all data processing not
directly related to generating the display or digitizing the waveform. When power is first applied to the system, the
EXP runs local and system diagnostic tests, which are located in the on-board EPROMSs and on the Memory board.

To reduce the load on the EXP, the Interrupt controllers monitor the many interrupt lines for service requests from
other devices in the oscilloscope. When an interrupt occurs, the Interrupt controllers notify the EXP and supply it
with a vector address to a firmware routine to service the interrupting device.

As a system option (Option 4D), a DMA (direct memory access) controller can be installed on the MPB. The DMA
device increases the data transfer rate for the GPIB external interface. When operating, the DMA controller has full
control of the Microprocessor and Executive buses while the EXP is idle in a Hold condition.

The Bus controller runs the local Microprocessor bus and the Executive bus with optimal bus cycle timing, Itadds
wait states (additional clock cycles) to the current bus cycle only when they are requested by a system device.

The Clock generator provides synchronizing clock signals for the MPB and the rest of the Executive boards. It also
produces device ready and system reset signals that are in sync with the clock signal.

Central Processing Unit (Exp) (diagram 23)

The Central Processing Unit, U830, referred to hereafter as the Executive Processor (EXP), controls oscilloscope op-
erations by deciding which devices can use the Microprocessor and Executive busses and when. The EXP also proc-
esses acquired and stored waveform data. The EXP gets instructions for performing its operations from software
stored in EPROMs located on the Main Processor board and the Memory board. The EXP controls all Microproces-
sor Bus and Executive Bus operations, through the Bus controller, except when the optional DMA controller has
been granted control. Peripheral devices (such as the Memory Management Unit or external interfaces) request
service from the EXP by generating an Interrupt Request.

The EXP programs and controls the Interrupt controllers, the Numeric Processor, and the optional DMA controller.
This programming is done at power-up initialization and may also occur during normal operation.

The clock rate of the EXP is 6 MHz, which is derived internally by dividing the CLK input, pin 31 of U830, by two.

The EXP controls on-board devices with a variety of status and control signals The status lines (SO(L), S1(L) and
M/IO start each bus cycle and determine its type. Table 2-12 lists the possible states of these signals and the names
of the associated bus cycles. Bus cycles end when the input READY(L) comes active.
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Table 2-12

EXP Status and Byte Types
MI/O S1(L) SOo(L) Type of Bus Cycle
0 0 0 Interrupt Acknowlege
0 0 1 I/O Read
0 1 0 I/O Write
0 0 1 Idle
1 0 0 Halt or shutdown
1 0 1 Memory Read (Instruction)
1 1 0 Memory Write
1 1 1 Idle

When Bus High Enable(L), BHE(L) (pin 1), is low it indicates that data will be transferred on the upper eight data
lines, MD7 - MD15. BHE(L) and MAO together signal whether the next transfer is for a word or for only the upper
or lower byte. Table 2-13 shows this relationship. Control output Code/Interrupt Acknowledge, COD/INTA, distin-
guishes between instruction reads from memory reads. (In address decoding, it is used to distinguish between
INTA and I/O bus cycles.) If M/IO, S1(L) and SO(L) are low, a low on COD/INTA indicates an Interrupt Acknowl-
edge cycle.

Table 2-13
Data Transfer Type
BHE(L) MAO Type of Data Transfer
0 0 Word
0 1 Upper byte valid
1 0 Lower byte valid
1 1 Undefined

Four EXP signal lines (PEREQ, PEACK(L), BUSY(L), and ERROR(L)) provide efficient communication between the
EXP and the NPE. For the functions and timing of these signals, refer to the discussion of the Numeric Processor
Extension.

The Interrupt controllers monitor the system interrupt lines to ensure that the highest priority interrupt gets serv-
iced by the EXP. When a system interrupt is received, the Master Interrupt controller asserts the INTR signal line to
notify the EXP that an interrupt is pending. The EXP will finish execution of its current instruction before acknowl-
edging and servicing the interrupt. The EXP acknowledges the interrupt by asserting INTA(L) two times in succes-
sion. The Interrupt controllers place a vector address to jump to a software routine on the Microprocessor Data Bus
lines MDO — MD?7 for the EXP. The EXP runs the interrupt handling routine, then returns to its previous operations.
For more information on interrupt processing, see the discussion of the Interrupt controllers.

When the optional DMA controller is installed, it uses the HOLD and HLDA lines for bus requests and bus grants,
respectively. The DMA controller drives HOLD high when it needs control of the Microprocessor and Executive
busses to service a peripheral device. When the EXP is ready to relinquish the busses, it responds by asserting the
HLDA line and tri-stating (put in a high impedance state) its address, data and control line outputs.
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Numeric Processor Extension (diagram 23)

The Numeric Processor Extension (NPE), U500, is a high-speed floating-point processor that executes instructions
in parallel with the EXP. The NPE is programmed and controlied by the EXP as an I/O device at addresses 0F8ex to
OFFux. The NPE is enabled at the numeric processor select input, NPS1 (pin 34), by latched select line LS1.

The NPE and EXP share four dedicated signal lines which allow efficient operation and data bus sharing. When the
NPE is ready to transfer data it asserts PEREQ, pin 24. The EXP asserts PEACK(L), pin 36, when it is ready to ac-
knowledge the NPE request and generate the necessary address and bus cycle signals. While the NPE is executing

a command, it keeps BUSY(L), pin 25, asserted. If the NPE encounters a problem while executing a command, it as-
serts ERROR(L), pin 26, which interrupts the EXP.

After the NPE has issued a PEREQ and received a PEACK(L), the Bus controller will generate an I/O read, IORC(L)
(MCS8), or an J/O write, IOWC(L) (MC9), command. These are received by inputs NPRD(L), pin 27, and NPWR(L),
pin 28, respectively, and cause the NPE to begin a data transfer over the Microprocessor Data Bus. A data transfer
bus cycle ends when input READY(L), pin 40, is asserted.

The EXP sends control commands to the NPE by enabling it with LS1(L) and by driving inputs CMDO, pin 29, and
CMD], pin 31, with latched EXP address lines LA1 and LA2, respectively. The data lines to the NPE can be driven
with data to load its internal control registers or they can be read in order to get control and status register informa-
tion. Most other signal inputs and outputs are also involved in controlling and sending data to the NPE. All inputs
are sampled on the falling edge of CLK (MC0), pin 37.

Crystal oscillator Y700 drives the CLK input, pin 32, with an 8 MHz signal. This clock signal synchronizes internal
operations of the 8 MHz NPE. Jumper J600 provides a way to stop all NPE activities by removing its clock signal for
a board test.

The other inputs SO(L), pin 2, and S1(L), pin 1, and COD/INTA, pin 3, provide the NPE with current bus—cycle infor-
mation.

The input Hold Acknowledge, HLDA (pin 38), line is normally low, to indicate that the EXP controls the busses.
When the optional DMA controller (option 4D) is installed, HLDA tells the NPE, and other devices, that the EXP is
not in control of the busses.

Bus Controller (diagram 23)

Bus controller U750 provides command and control signals for the Microprocessor and the Executive busses. It de-
codes EXP status and control lines to generate its command and control signals. Bus controller outputs are always
enabled. U750 produces optimal bus cycle timing (minimum number of CLK cycles per bus cycle) and inserts wait
cycles only while the READY(L) input remains high past the fourth CLK cycle. The timing of all bus signals is refer-
enced to the input signal, CLK (MCO0). At the falling edge of CLK, the input signals are sampled and the appropriate
output signals are asserted.

Bus cycles are started by input signals, SO(L) (MC2) and S1(L) (MC3). Together with M/IO (MC4), they identify the
type of bus cycle that is beginning. Table 2-14 shows this relationship and the resultant command output.
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Table 2-14
Bus Cycle Type
MI/O | S1(L) | SO(L) Type of Bus Cycle Command Qutput
0 0 0 Interrupt Acknowlege INTA(L)
0 0 1 I/O Read IORC(L)
0 1 0 I/O Write IOWC(L)
1 0 0 Halt or shutdown None
1 0 1 Memory Read (Instruction)) MRDC(L)
1 1 0 Memory Write MWTC(L)

Bus cycles end when the input, READY(L), goes low. Another active or idle bus cycle can begin immediately.

The DT/R (MC13) output signals that the EXP will either transmit or receive data. DT/R is used to control the drive
direction of the Data buffers and is available on the Executive Bus from the Control buffers U751, U760. The DEN
(MC12) output, which is available on the Executive Control Bus, enables the Data buffers at both ends of the Execu-
tive Bus. During consecutive write cycles, DEN remains active and DT/R remains high. If DT/R changes during a
bus cycle it does so when DEN is low so that no more than one device will be driving the data bus at once,

Memory and I/O cycles have the same timing, although a different command output signal is asserted when reading
or writing.

During an Interrupt Acknowledge cycle (decoded from S0, S1, M/IO), the INTA (MC10) output toggles twice. ALE
and MCE (Master Cascade Enable) go high just before each INTA pulse. MCE enables the Interrupt CAS Address
buffer. This allows the Cascade Address (generated by the Master Interrupt controller) to be put on the Micropro-
cessor bus and Executive bus.

Reset Generator (diagram 23)

The Reset generator U140 provides a positive power-up reset for the Main Processor board and the entire oscillo-
scope. U140’s output, pin 5, is gated with CLK (MCO0), in the Clock generator and broadcast as RESET (MC17). In
addition to generating a power-up reset, the Clock generator, U850, also produces a reset if the +5 V power supply
fails.

The power-up reset remains asserted for 60 ms after the +5 V supply is stable to satisfy the reset timing require-
ments of the EXP and its coprocessors. The 60 ms delay is set by the 4.7 pF capacitor on pin 3 of U140.

The PWR-UP signal (generated by the power supplies to indicate proper operation) is connected to Resin, pin 2. If
PWR-UP goes low due to a power supply problem, a Reset cycle will start. The 0.1 pF capacitor, C140, on pin 1 of
U140 prevents transients on the +5 V supply from causing spurious resets.

Clock Generator (diagram 23)

The Clock generator circuit supplies the main clock signal, CLK (MC0), which synchronizes the Executive boards
(i-e., those plugged in the Mother board). It also generates the synchronized READY(L) (MC16) and RESET (MC17)
control signals. The Clock generator is comprised of the clock chip, U850, and an inverter, U550E.

The 12 MHz frequency of CLK is derived from crystal oscillator Y950 (U850, pins 7, 8). PCLK (MC1), pin 13, is one
half the frequency of CLK and is synchronized with the microprocessor’s internal EXP clock. Both CLK and PCLK
have a 50% duty cycle.
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The READY(L) (MC16) control line informs on-board chips that the current bus cycle is ending. READY(L) is as-
serted when the SRDY(L) input, pin 2, goes low. U550E inverts the SRDY line for the active low SRDY(L) input.
The Executive bus signal, SRDY, is asserted when no additional wait states are needed by peripheral devices (e.g.,
memory chips, SDI chip, etc). SRDY is a Wire OR signal and is pulled high by a 300 Q resistor connected to +5 V.
This ensures that no wait states are inserted in the EXP bus cycle unless they are requested. Jumper J660 can be
used to isolate the EXP from any wait state requests during troubleshooting.

The RESET (MC17) control signal initializes the

e Central Processing Unit (EXP,
e Numeric Processor Extension
e Bank Decode/Select

e DMA controller

® Diagnostic Status latch

The RESET (MC17) control signal also prevents NV RAM from being written and, after buffering, also initializes the
other Executive bus boards. Note that the Interrupt controllers are not initialized by RESET (INIT by Power On or
Software). RESET is a clock-synchronized version of the pin 11 input, RES(L).

Interrupt Address Buffer (diagram 23)

The Interrupt Address buffer provides the means to coordinate interrupt controllers on other boards with the Inter-
rupt controllers on the MPB. Half of 8-bit buffer U530B drives the address lines MA1, MA2 and MA3 with the infor-
mation on CASO, CAS1 and CAS2, respectively. The Cascade Address (CAS) lines originate at the Master Interrupt
controller. The Master Cascade Enable, MCE, signal from the bus controller is inverted by U550A, then used to en-
able the Interrupt Address buffer. J550 can disable this buffer.

Address Decode/Select (diagram 23)

Many VLSI chips on the MPB have a variety of operating modes and must be configured by the EXP to function in
the desired mode. Whether initialized at power-up or reprogrammed while running, the devices must first be se-
lected (enabled to receive configuration data), then sent specific commands or data. Device selection is done with
the Address Decode/Select circuit, which is mainly composed of U710 and U711 (custom PALs) and U630 (dual 4-in-
put NAND gates).

The EXP sends command data to an /O or memory address reserved for the device being configured (like sending a
letter to a mailbox address). The Address Decode/Select circuit decodes the address and control lines and asserts the
appropriate chip-select line. The select lines are latched by the Select latches, then connected to their respective
devices. Table 2-15 lists the select lines, their associated devices, and their reserved /O or memory addresses.
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Table 2-15

Select Lines Address Assignments
Select Address ,
Line Space Address (hex) Device
S1(L) I/0 OFB-OFE Numeric Processor Extension (U400)
S2(L) /O 200-202 Interrupt Controller Slave 1 (U321)
S3(L) /0 400-402 Interrupt Controller Slave 3 (U340)
S4(L) o 900-902 Interrupt Controller Master (U330
S5(L) /e 0AOO-OAFF DMA controller (optional, U401)
S6(L) M 30000-33FFF Nonvolatile RAM (U200, U210)
S7(L) M OF8000-OFFFFF EPROM (U211, U220)
S8(L) /O 8002 Diagnostic Status latch
S9(L) 170 8004 Wait State Diagnostic Enable (U100D)
S10(L)I/O 70 0000 Memory Bank Select (550, U530A)

Data Buffers (diagram 23)

The Data buffers interface the Microprocessor Data bus and the Executive Data bus. They transmit data to or re-
ceive data from the Executive Data bus as directed by the EXP or optional DMA controller. The Data buffers con-
nect to the Executive Data bus with P104.

Data buffers U860 and U861 are 8-bit bidirectional buffers with tri-state (third state is high impedance) outputs.
When disabled their output drivers are set to the high-impedance state. This isolation from the Executive bus is
necessary for on-board component communication.

The chip enable inputs, pin 19, are connected to the output of the Data Buffer Enable circuit, U740, through jumper
J960. Pull-up resistor R960 ensures that the Data buffers are disabled when J960 is removed.

The drive direction of the Data buffers is controlled by DT/R (MC13), which is connected to pin 1. When MC13is
high, data is driven to the Executive Data bus; when low, data is received from the Executive Data bus.

Address Buffers (diagram 23)

The Address buffers drive the Executive Address bus with the address for the current bus cycle. The address can be
generated by the EXP or by the optional DMA controller. In the normal running mode, these buffers are always
enabled to drive the Executive Address bus, at P104.

The 8-bit bidirectional Address buffers are U650, U651, and U660. Each chip enable, pin 19, is grounded to con-
stantly enable the buffers. Each buffer’s direction control (pin 1) is connected to a 4.7k Q pull-up resistor and to
jumper J800, pin 4. J800 allows the Microprocessor Address bus to be driven by the Executive Address bus when
diagnostic tests are running. J800 is the Kernal Test connector and is discussed fully in the Diagnostics section of
this manual.

Control Buffers (diagram 23)

The Control buffers provide an interface to the Executive Control bus for the 16 Microprocessor Control bus signals,
MC0-MC15. U751 and U760 are eight-line buffers. Their output enables, pins 1 and 19, are grounded to con-
stantly enable the outputs. The buffer outputs connect to the Executive Control bus with P104.
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Data Buffer Enable (diagram 23)

When communication between on-board components is in progress, the Data Buffer Enable circuit disables the
Data buffers. When communication is with the Executive bus, the data buffers are enabled by DEN (MC12). DEN
is generated by the Bus controller to indicate data is ready to be sent or received.

If any of U740’s inputs go low, its output goes high, disabling the Data buffers. The inputs consist of five Latched
Chip Select lines, one control line (DEN(, and ICEN(L)) (equivalent to a Chip Select), and two lines pulled high with
a 4.7k Q) resistor connected to 5 V. The Latched Chip Select inputs are:

e LSI - Numeric Processor Select

® LS5 - Direct Memory Access (DMA) Select
e 136 - Nonvolatile RAM Select

e [1S7 - EPROM Select

e 1IS10(L) - Bank Select

The ICEN(L) input signal is asserted by the Interrupt controller circuit whenever written or read or an Interrupt
Acknowledge cycle is in progress. During an Interrupt Acknowledge cycle the Master Interrupt controller puts a
vector address for an interrupt routine on the lower eight lines of the Microprocessor Data bus which are read by
the EXP.

The U740 output (pin 8) goes through jumper J960 before reaching the Data buffers. Jumper J960 allows the Micro-
processor Data bus to be isolated from the Executive Data bus while troubleshooting and while running Diagnos-
tics.

Address and Select Latches (diagram 24)

The 8-bit latches U610, U620, U640 and U730 latch and hold the current state of device select lines, S1(L) - S10(L),
and address lines, MA1 - MA16, when ALE (MC11) or EALE (Early ALE, U340-6) goes low. The outputs, Latched
Address bus and Latched Select bus, remain stable until an input changes and another EALE occurs.

Memory Read/Write Control (diagram 24)

The Memory Read/Write Control provides separate write signals for the High and Low bytes of the nonvolatile
RAM. The EXP can read or write on the upper eight data lines, MD8 — MD15, the lower eight data lines, MDO -
MD?, or on all 16 lines at once. The EXP uses status line bus High Enable, BHE(L), and address line, MAO, to signal
which type of data transfer is planned. The nonvolatile RAM is selected for reading or writing when LS6(L) is as-
serted. Table 2-16 shows the relationships between the state of BHE(L) and MAQO, the type of data transfer and the
enable lines asserted.

Table 2-16
Enable Scheme for Nonvolatile RAM
Transfer Type BHE(L) MAO(L) Enable Lines
High Byte 0 1 WEH(L)
Low byte 1 0 WEL(L)
16-bit word 0 0 WEH(L),WEL(L)
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U110A uses ALE (MC11) to latch BHE(L) (MC14) and MAO. Gate U120A ANDs latched inverted BHE(L), inverted
MWTC(L), and inverted Latched Select line LS6(L) to produce the high-byte enable. For the low-byte enable,
U120B AND:s latched inverted MAO, inverted MWTC(L), and inverted LS6(L).

Power Down (diagram 24)

The Power Down circuit disables the nonvolatile RAM when it detects the power supplies failing or an active
MRESET signal, or PWR UP false. When the Power Supplies are good, PWR UP is high, and MRESET is low, a one
second time delay starts, after which the NV RAM is enabled. The RC time of C151-R164 sets the one second delay.

If PWR UP is pulled low by the power supply logic (R152 is PULL UP), Q170 will turn on which turns off Q171.
This causes a low on the chip select line for the nonvolatile RAM, disabling the RAM.

RAM Battery (diagram 24)

The RAM Battery circuit provides the nonvolatile RAM (actually they are static rams) with a constant power source
if the +5.5 V power drops E +3 V. The circuit acts as a switch that connects the 3 V Lithium battery BT160 to the
VCC inputs, pin 28. The switch also prevents the Lithium battery from being charged by the +5.5 V supply.

CAUTION

Recharging or improper handling of a Lithium battery is dangerous. Refer to section 3, Maintenance, of the Volume 1 Service
Manual for proper handling procedures for Lithium batteries.

Nonvolatile RAM (diagram 24)

Static RAM chips, U260 and U270, are used for permanent storage of high-byte and low-byte data, respectively.
The nonvolatile RAM data lines interface with the Microprocessor Data bus through the Memory Data buffers. The
chips are enabled for reads or writes by latched RAMSEL(L) (LS6(L)), which can be monitored at TP230. Memory
Read/Write Control enables U260 and U270, on pin 27, when data is being written to them. When memory is being
read, MRDC(L) (MC6) goes low on pin 22, enabling the output drivers.

The second chip-select input, pin 26, is used to deselect U260 and U270 when the power supplies fail or when the
MPB is being reset. This chip enable signal is delayed for one second after a reset or power-up.

The constant VCC power for the static RAM chips, which makes them nonvolatile, is supflied by the -+5.5 V supply
orby a +3 V battery backup called the RAM Battery. A RAM Battery switching circuit automatically switches the
supplies (CR150, CR151).

EPROM (diagram 24)

Part of the operations and diagnostic software resides in two EPROMS (27512s), U240 and U250. They provide 128
KB of read—only, permanent memory. The EPROMs are enabled by latched select line LS7(L) on pin 20. The data
outputs are enabled by memory read line, MRDC(L) (MC6). The data output lines, which are shared with the non-
volatile RAM, interface with the Microprocessor Data bus through the Memory Data buffers.

The Al5 input, pin 1, of the 27512s is connected to latched address, LA16, by jumper J140. J140 provides for the use
of a smaller, alternate EPROM, the 27256.
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Memory Data Buffers (diagram 24)

The 8-bit bidirectional buffers U220 and U230 interface the Microprocessor Data bus to the nonvolatile RAM and
the EPROMs. The Memory Data buffers allow the Microprocessor Data bus and the memory devices to meet their
timing specifications without causing bus contention. :

Removing jumper ]330 disables the Memory Data buffers, which can help isolate problems on the MPB.

Memory Data Buffer Enable (diagram 24)

The three gates of U100 and inverter U510B comprise the Memory Data Buffer Enable circuit. U510B inverts control
signal DT/R (MC13) for drive direction control of the Memory Data buffers. Gate U100A ensures that the non-
volatile RAM or the EPROM is selected. Gate U100B tests that a memory write, MWTC(L) (MC7), or a memory read,
MRDC(L) (MC6), is in progress. Gate U100C checks that the Bus controller has issued DEN (MC12). When all these
conditions are met, the Memory Data buffers are enabled.

Jumper J330 can be removed to isolate the memories from the Microprocessor Data bus.

Interrupt Controllers (diagram 24)

The Interrupt controllers constantly monitor the Executive system interrupt lines to ensure that the highest priority
interrupt gets serviced first. The Interrupt controllers provide the ability to assign priority levels to all the system’s

interrupt lines and to ignore (mask) any of the interrupt lines. Interrupts are service requests for peripheral devices
that have data for, or that are requesting data from, the EXP.

The three Interrupt controllers are programmed by the EXP as the Master, U350, Slave 1, U360, and Slave 3, U370.
Their interrupt inputs are programmed for the level-sensing mode. The programming can be done at any time us-
ing IORC(L) (MC8), IOWC(L) (MC(9), LA1, and the appropriate Latched Select line. U350 is programmed at [/O ad-
dress 900-902:« (LS4) with the information that it is the Master, input IR1 is Slave 1, and input IR3 is Slave 3. The
slaves are programmed at address 200-203ie (LS2) and address 400402 (L.S3) for Slaves 1 and 3, respectively. They
are told which slave they are so they can respond to the Cascade Address issued by the Master during an Interrupt
Acknowledge cycle.

When a high appears on one of the interrupt request input pins (IR#), the interrupt output INT (pin 17) immediately
goes high. If the interrupt was on one of the Master’s inputs, its output immediately interrupts the EXP. If the in-
terrupt request was on one of the slaves’ inputs, then the slaves’ INT output drives the Master and the Master’s out-
put drives the EXP. Nothing more happens until the EXP finishes executing its current instruction and is ready to

acknowledge the interrupt.

To produce an Interrupt Acknowledge cycle, the EXP drives the M/IO, SO(L), S1(L) and COD/INTA lines low twice,
just as it would for two consecutive bus cycles. Each time these lines go low the Bus controller pulls the INTA(L)
(MC10) line low. During the first INTA(L) pulse, all interrupt requests are latched into the Interrupt controllers.
The Master then decides which of its interrupt inputs has the highest priority, and drives the Cascade Address bus
(CAS0, CAS1, CAS2) with the number for the slave that is attached to that interrupt pin. If the pin is not a slave in-
put, then the Master will drive a zero on the Cascade Address bus to signal that it will provide the interrupt vector.
Through the second INTA(L) pulse the Cascade Address remains valid so the slaves can compare it to their own
numbers. If one matches the Cascade Address, it puts a vector number on the Microprocessor Data bus, which
specifies an interrupt handling routine.

A too-short pulse (a glitch) on an interrupt pin will not be latched by the first INTA(L) pulse. When the Interrupt
controller is signaled (by the Cascade Address) to put an interrupt vector number on the data bus, it will errone-
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ously supply the vector number for its lowest priority interrupt. This can cause degraded system performance and
possibly corrupted data. (Itis good practice not to connect to interrupt IRX7.)

The last chip in the block is U340B, which generates ICEN(L) for the Data Buffer Enable circuit. Each Interrupt con-
troller has an output called EN(L), pin 16, which it drives low before putting data or a vector number on the data
lines. The ICEN(L) signal disables the Data buffers (U860, U861) when the microprocessor communicates with these
interrupt controllers. This eliminates problems with data bus contention when an Interrupt controllers are read.

Interrupt Bus Inverters (diagram 24)

The Interrupt Bus inverters are U561, U570 and U550F. They invert the Executive Bus Interrupt lines, INTO(L) -
INT12(L), for the Interrupt controllers. The input are pulled high by 4.7 k Q pull-up resistors to ensure that no er-
roneous interrupts occur when boards are removed from the Executive bus.

Wait State Generator (diagram 24)

The Wait State generator (WSG) allows system devices, that need extra time for data transfers, to extend the current
bus cycle by 1, 2 or 4 EXP transfer cycles (TC). The inputs to the WSG come from device Select and Latched Select
lines and from the I/O board via J77. The output, SRDY, is sampled by the Clock generator(L) at the falling edge of
phase 1 of the current TC and used to generate the Microprocessor Control Bus signal, READY(L).

A wait state request must be received by D flip-flop U411B before any wait states will be generated. U720 responds
to active select lines with a high output to OR gate U311A. Gate U311A also monitors the /O Wait Req signal from
the I/O board, which signals that a device there is requesting wait states. The output of U311A is the wait request
for the D input of U411B. This wait request is clocked in by ALE (MC11). The Q output (pin 9) of U411B is inverted
by open—collector U560C to become SRDY. When a wait request is clocked through to set SRDY low, the EXP will
insert at least one wait state. The RESET R(L) input, pin 13, will be high at this time.

The remaining WSG circuitry allows the required number of wait states to be selected. U511 monitors the latched
version of the select line inputs. These all require one wait state. U311B has as inputs the I/O one wait request in-
put and the output from U511. Some I/O board devices require two wait states. The two Waits input is buffered by
U311C and driven to gate U320B. Four wait states is the default when a wait request is received and no number of
wait states is specified.

Flip-flop U411A and counter U420 count out the requested number of wait states. When the Q output of U411B
goes high (because of a wait request), it removes the reset from U441A, pin 1, and from U420, pin 9. With the reset
removed, U411A will begin to divide system clock CLK by two. Flip-flop U411A’s Q output, pin 5, drives the clock
input of the counter, pin 8. At the third rising edge of CLK, the Q1 output (pin 4 of U420) will go high, indicating a
completed count for one wait state. If two waits were requested, two clock cycles later U420’s Q output, pin 5, will
go high. If no number of wait states is indicated, counter U420 will continue counting until its Q4 output, pin 10,
goes high. Gate U320C is used to stop SRDY low when one wait state was requested. Gate U320C stop SRDY low
when two wait states were required. If the output of either of these gates goes low, or of the inverted four—count
signal goes low U320A’s output (pin 12) will go high. When inverted by U430D this drives the reset input U411B-13
causing the Q output to go low. This signal is inverted and SRDY is driven active, (HI) signaling the end of the wait
request. (U411B-13 also resets the wait state generator, U411A and U420.) The asserted SRDY signal is used by the
Clock generator to produce READY(L) (MC16), which signal the end of the current bus cycle.
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Wait State Diagnostic Enable (diagram 24)

The Wait State Diagnostic Enable (WSDE) circuit allows the device ready signal (SRDY) to be monitored on the Ex-
ecutive bus. An inverted SRDY signal is taken from U411B-9 in the Wait State generator. SRDY is enabled to the
Executive bus by setting latch output U110B-11 to a high state. When an /O write (IOWC(L)) occurs and diagnostic
select (LS9) is set low, the output of U130D-11 will go low. This low output will be inverted, enabling data bit MD0
to be latched into U110B. If MDO is high, any change in SRDY will be reflected on the DIAGNSIG(L) line of Execu-
tive bus. If MDO is low, the SRDY signal will not appear on DIAGNSIG(L).

Diagnostic Status Latch (diagram 24)

The Diagnostic Status latch latches diagnostic test error codes from the EXP. The latch drives two LEDs and six Er-
ror Status Test Points. The error code on MDO —- MD7 will only be latched at the end of an I/O write bus cycle when
LS8(L) is active. The reset input, pin 1, ensures that the latched outputs are all low on power-up or after a system
reset.

DMA Controller (Optional) (diagram 24)

The Direct Memory Access controller option, U800, provides high-speed data transfer capabilities for some commu-
nications ports. When the DMA is installed, J800 jumper must be moved to pins#1 and #2. (Without the DMA op-
tion it goes on.) It is wired in parallel with the Microprocessor Address, Data and Control busses and can use the
Executive buses. The DMA controller requests control of the busses with the HOLD line when one of its DREQ(L)
lines is pulled low by a peripheral device and potentially at other times. The EXP grants control with the Hold Ac-
knowledge, HLDA, line. Timing for DMA bus cycles is the same as that of the EXP. For a timing diagram, see the
discussion on the Central Processing Unit (EXP). LS5(L), on pin 8, enables the DMA controller when the EXP is in-
structing it for its next task.

When the EXP is in the Hold mode, it tri-states all its outputs so that the DMA can drive them. The DMA controller
is programmed through /O addresses 0A00 — 0AFFhs, to let it know where its sequence of instructions is located in
memory. The DMA controller is directed by the EXP to startand torun ata specific maximum number of bus cycles
per second. It has three channels to three different devices. Each channel has a set of DMA Request (DREQ) and
DMA Acknowledge (DACK) lines for peripheral-device-initiated transfers. The channel two End of DMA (EOD)
line has been programmed as a general allchannel interrupt to the EXP. This is used to tell the EXP that the DMA
is finished with its assigned task.

When the DMA controller is not installed, the EXP handles the peripheral device requests with interrupt service
routines.
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A18 Memory Board <25> and <26>

The Memory board provides the Executive Processor (EXP) with DRAM and EPROM for most operations. Support
circuitry for the memories and diagnostic circuitry for troubleshooting are located on-board. All accesses to DRAM
or EPROM s are initiated by the Main Processor board (MPB) and specifically by the 80286 Executive Processor or
the optional DMA controller. See the discussion of the Main Processor board in this section for bus cycle timing in-
formation.

Test points TP200, TP500 and TP800 provide ground connections for test oscilloscope probes.

Address Latches (diagrdm 25)

Address latches U540, U640 and U642 buffer and hold the Executive Address lines and BHE(L) for the EPROMS,
DRAM controller and other on-board devices. With their outputs always enabled and LE HIGH, these latches are
transparent, allow addresses to pass through as soon as they are available. The addresses are latched when the LE
input is driven low by MRDC(L), MWTC(L), IORC(L), or IOWC(L) from the MP. At the end of a memory cycle, LE
goes high and the latches again are transparent. LE (An Early ALE) can be monitored on test point TP801.

Address Decode (diagram 25)

Programmable array of logic (PAL) U542 decodes the address lines to produce RAM select signal RAM SEL(L) and
four EPROM select signals, CS1(L) - CS4(L). RAM SEL(L) enables the DRAM controller to begin a DRAM access
cycle. Each EPROM select line is latched, along with four Executive address lines, by U540. The latch outputs are
always enabled. While latch enable (LE) is high the latch outputs are responsive to changes on the inputs. Table
2-17 shows the addresses that U542 requires to produce the select outputs. Note, A20 — A23 are Bank-Select Infor-
mation.

Table 2-17
PAL Address Decoding
Select Address Range hex Chips Enabled
RAM SEL(L) Low Bank Switch X 0-O1FFFF All RAM

1 20000-3BFFF All RAM

CSI(L): High Bank Switch 0  CO000-DFFFF | U630, U730
CS2(L) 1 80000-9FFFF U620, U720
CS3(L) 1 AO000-BFFFF U612, U712
CS4(L) 1 CO000-DFFFF | U600, U700

The real address line inputs A14 — A19 are generated by the EXP on the MPB. Lines A20 - A23 are memory bank-
select lines, which are encoded by the Bank-Select circuitry on the MPB. (This is true when J541 on the MPB is in
position.)
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EPROM Select (diagram 25)

The EPROM Select circuitry provides latched EPROM select lines and an enable signal for the EPROM Data buffers.
Transparent latch U540 latches and buffers the EPROM select lines and drives them on its constantly enabled out-
puts. The outputs reflect changes on the inputs until the latch enable (LE) input goes low, at which time the current
inputs are latched onto the outputs. At the end of 2 memory cycle, LE becomes high causing U540 to become trans-
parent and ready for another memory cycle. The LE signal can be monitored on TP801.

When gate U632A detects an active EPROM line latched Select(L), it generates EPROM SEL, which enables the
EPROM Data buffers when BDEN is true on a read cycle. EPROM SEL also signals the Memory Wait State genera-
tor to request wait states from the EXP. EPROM SEL can be monitored on test point TP806. Jumper J543 allows the
EPROM Data buffers to be disabled during board testing. The EPROM select lines can be monitored on one of the
test points TP802 — TP805.

EPROM (diagram 25)

The EPROMS contain most of the operating system code and diagnostics code for the EXP. All the EPROMSs share
the latched address bus. (These address lines are just buffered until the middle of the access cycle when they get
latched. This is to allow the address information to be available to the EPROMs as early in the bus cycle as possi-
ble.) The EPROMs are organized into high- and low-byte pairs. Each pair is selected by a separate latched chip-se-
lect signal, which is generated by the Address Decode PAL. The output data drivers of an EPROM pair are enabled
when the pair is selected. The high-byte chips share data lines ED8 - ED15 and the low-byte chips share data lines
EDO - ED7. These data lines are buffered to the Executive Data bus by the EPROM Data buffers.

The EPROMs installed can be either 27256s or 27512s. The circuit is configured by moving jumper J541 and by
changing the PAL U542. The standard oscilloscope is supplied with 27512s. In the standard configuration, J541
should be in the A position.

EPROM Data Buffers (diagram 25)

The EPROM Data buffers drive data from the EPROMs on the Executive Data bus. Both 8-bit buffers are enabled by
the output of U830A when all its inputs are high. The enable line can be monitored on test point TP809. The inputs
to U830A are: EPROM SEL, which signals that an EPROM pair is selected; BDEN, which signals that the EXP is
ready to read data; and inverted DT/R, which signals whether the memory operation is a read or write.

Bank Enable (diagram 25)

The Bank Enable circuitry buffers address lines A20 — A23 to produce bank address lines BAO - BA3. The lower two,
BAO and BA1, contain the RAM bank address. The upper two, BA2 and BA3, contain the EPROM bank address (but
the EPROMs get their bank address information through PAL U542 pins 1 and 2). These lines can be monitored on
test points TP501 - TP504, respectively. U530 gates BAO and BA1 with latched address line LA17 to produce address
signals (BA17, BA18) that are dependent on which RAM bank is selected. These go through jumpers to the DRAM
controller as AH6 and AH7 (only with 16 RAM, J501).
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Memory Wait State Generator (diagram 25)

When a memory access starts, the Memory Wait State generator signals the EXP to extend the bus cycle a specific
number of clock cycles (PCLK).

When an EPROM pair is selected, the EPROM SEL line goes high at the D input of U820B. If jumper J800 is not set
on zero waits, the high will be clocked by bale to the Q output. The high Q output is SRDY(L), which is inverted by
U552 to drive the system signal SRDY. When SRDY is driven low, it signals the EXP to begin inserting wait states.
The high Q output also removes the reset condition from U820A. U820A divides the S CLK signal by two and clocks
shift register U810. Jumper J800 determines which output of U810 gets inverted by U732A, and therefore, how long
SRDY remains low. When the selected output of U810 goes high, it causes U820B to be reset, along with rest of the
EPROM wait circuit, ending the wait request condition. Test point TP808 can be used to monitor SRDY(L), which
signals EPROM wait requests. SRDY(L) also can be read by the diagnostics with AND gate U452B.

Wait requests from the DRAM controller, AACKA(L), are ANDed with L RAMSEL, which is latched-inverted RAM
SEL(L). The output of gate U530A is inverted and used to pull SRDY low, requesting wait states from the EXP. The
DRAM controller determines the number of wait states requested. Test Point TP206 can be used to monitor this line.

Memory Diagnostic Signal Select (diagram 25)

This diagnostic circuit causes either of two signals generated on the board to be driven on the Executive bus line
DIAG SIG(L). One signal is SRDY(L), which is generated by the EPROM Wait State generator. The other is a combi-
nation of the DRAM row address strobe lines. (This is a RAM refresh.) Reading either of these signals requires a
write to diagnostic /O address 8020k The address is decoded and the resultant device select active low signal) is
latched into U352A by BALE. The latched output is gated with IOWC(L) (I/O write) by U450D. When this output is
high the latch U352B is enabled and data lines DO and D1 are latched. DO (HI) enables the read of SRDY(L) and D1
(HI) enables the read of the RAM refresh. This last signal can be monitored on test point TP204.

Memory Configuration Readback (diagram 25)

This circuit allows the diagnostics to read the position of the RAM memory configuration jumpers and the Bank ad-
dress lines. The Executive Processor does an /O read at address 8040:e to read the information on the lower eight
data lines. U350A decodes the address and produces a low signal, which is latched by U352A as BALE goes low.
The latched device select signal is gated with IORC(L) (I/O read) and used to enable the read buffer U832.

DRAM controller (diagram 26)

DRAM controller U410 is configurable for DRAMs of different sizes and speeds in a two- or four-bank arrange-
ment. It provides high speed access to the standard two banks of 64K x 4-bit DRAM chips, and it also automatically
provides refresh signals. Though the DRAM controller supports dual-port access to the DRAM, this circuit uses
only the port A interface. In addition to the DRAM controller chip, a set of initialization shift registers and a high/
low byte enable circuit are in this block.

The EXP cannot access the DRAM on power-up or on reset until the DRAM controller has been configured. The
DRAM controller is configured while the rest of the oscilloscope is in its 45 ms reset state. The on-board Reset gen-
erator produces a 10 ms reset pulse when the system reset goes active. During this time, shift registers U320 and
U420 are loaded via jumpers ]322 and J422 (jumpered with ECB runs) with the configuration data for the DRAM
controller. After 10 ms the reset signal is removed from the DRAM controller. The DRAM controller then produces
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16 clock pulses from its MUX/PCLK output that shifts the 16 configuration data bits into the PDI input. This takes
about 20 ps. About 30 ms later the rest of the system will come out of reset and the EXP will start running.

The system status lines SO(L) and S1(L) are inverted and used to drive the RDA(L) and WRA(L) inputs. These sig-
nals are generated by the EXP. RAM SEL(L), generated by Address Decode, enables port A of the DRAM controller
atinput PEA(L) to allow DRAM accesses.

The WRA(L) and RDA(L) inputs determine whether a read or write access to RAM is requested. Address inputs ALO
— AL8 are used to generate the row address, and inputs AHO — AHS8 are used to generate the column address.

The output AACKA(L) signals the EXP that additional time is needed for a DRAM access.

Outputs WE and PSEN are gated by U332B, C and U340B, C with latched inverted versions the EXP signals BHE
and AO(L). The gates produce write enable signals HBYTE WE(L) and LBYTE WE(L). BHE and AO(L) are also gated
with latched RAM SEL to produce the DRAM Data buffers enable signals HBYTE OE(L) and LBYTE OE(L). These
enable signals can be monitored on test points TP300 - TP303. In addition, RAMSEL can be monitored on test point
TP205.

Also in this circuit block, the EXP transmit and receive signal DT/R is buffered. When the EXP is reading from
DRAM, the output enables of the DRAM are activated by BDT/R. Inverted DT/R is used to select the drive direction
for the DRAM Data buffers and can be monitored on test point TP207.

DRAM (diagram 26)

In the standard configuration, the DRAM is comprised of two groups of four 64K x 4-bit DRAMs. The Memory
board is designed to allow two more groups of RAM to be added later. The two groups used are:

e Group0
U110, U112, U120 and U122,

e Groupl
U210, U212, U220 and U222.

The DRAM controller and the buffered EXP control line DT/R control the DRAM. The DRAM may be written to
with just a high or low-byte of data. The high and low write-enable and the high and low output-enable lines pro-
vide this function. Reading just a high or low byte is controlled by enabling one of the DRAM Data buffers with the
output-enable lines (although this is not necessary). Data to and from the DRAM chips uses the RD data lines,
which are paralleled to each group of DRAMs. The RD data lines are connected by the DRAM Data buffers to the
Executive Data bus. Access timing is shown in this section in the DRAM controller discussion.

DRAM Data Buffers (diagram 26)

The DRAM Data buffers provide an interface between the DRAM data bus and the Executive Data bus. Drive direc-
tion is controlled by the inverted EXP control signal DT/R. Each buffer chip can be enabled separately to allow just
high or low byte reads and writes. Signal HBYTE OE(L) enables high-byte buffer U740; likewise, LBYTE OE(L) en-
ables low-byte buffer U742. The in-line resistor packs provide impedance damping of ringing (especially negative
voltages), on the DRAMs sensitive inputs.
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DRAM Configuration (diagram 26)

The DRAM Configuration jumpers allow the DRAM to be arranged in different ways to facilitate various customer
options and design considerations. The jumpers select which address and bank-address lines will be applied to the
DRAM controller. Jumper J521 provides for use of 64K x 4- or 256K x 4-bit DRAMs. ]J501 allows two additional
groups of DRAM to be added. J520 provides for switching to the virtual addressing mode of the EXP. (Eliminates
bank switching of the DRAM.)

DRAM Controller Reset Generator (diagram 26)

The DRAM controller Reset generator monitors the system RESET line and uses it to generate a shorter reset pulse
for the DRAM controller than for the system reset. The 45 ms system RESET pulse is buffered, then differentiated.
The resultant quick pulse is applied to the input RESIN. U430 produces a 10 ms reset pulse, which appears on the
output where it gets inverted and applied to the DRAM controller. It gets inverted again and applied to the shift-
load input of shift registers U320 and U420. When power is first applied to the oscilloscope, U430 monitors the +5
Vline. When the +5 V line reaches 4.7 V, the RESET(L) output is driven active and remains active for 10 ms. After
this delay the RESET(L) output is brought back high, initializing the DRAM controller.
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Section 3
Maintenance

This section of the manual contains information for performing preventive maintenance and corrective
maintenance for the 11401/11402 Digitizing Oscilloscopes.

Preventive Maintenance

Preventive maintenance, performed regularly, can prevent instrument breakdown and may improve the
reliability of the instrument. The severity of the environment to which the instrument is subjected will
determine the frequency of maintenance. A convenient time to perform preventive maintenance is preceding
electrical adjustment of the instrument.

Cabinet Panel Removal
WARNING

Dangerous potentials exist at several points throughout this instrument. When the instrument is
operated with the covers removed, do not touch exposed connections or components. Some transistors
have voltages present on their cases. Disconnect power before cleaning the instrument or replacing
parts.

The top and bottom cabinet panels (or covers) provide protection from operating potentials present within the
instrument. In addition, they reduce radiation of electromagnetic interference from the instrument. Fasteners
retain the cabinet panels. To remove the panels, loosen the fasteners and lift the panels off. Operate the
instrument with the panels in place to protect the interior from dust.

Cleaning

The 11401/11402 should be cleaned as often as operating conditions require. Accumulation of dirt in the
instrument can cause overheating and component breakdown. Dirt on components acts as an insulating blanket
and prevents efficient heat dissipation. It also provides an electrical conduction path which may result in
instrument failure. The side panels reduce the amount of dust reaching the interior of the instrument.
Operation without the panels in place necessitates more frequent cleaning.

CAUTION

Avoid the use of chemical cleaning agents which might damage the plastics used in this instrument.
Exercise care when cleaning Hypcon connectors; see cleaning instructions under Hypcon Connectors in
this section. Use a nonresidue type of cleaner, preferably isopropyl alcohol or totally denatured
ethyl alcohol. Before using any other type of cleaner, consult your Tektronix Service Center or
representative.
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Exterior

Loose dust accumulated on the outside of the instrument can be removed with a soft cloth or small brush. The
brush is also useful for dislodging dirt on and around the front-panel controls. Dirt which remains can be
removed with a soft cloth dampened in a mild detergent and water solution. Do not use abrasive cleaners.

Crt

Clean the crt faceplate with a soft, lint-free cloth dampened with denatured alcohol.

Interior

Cleaning the interior of the instrument should seldom be necessary. The best way to clean the interior is to blow
off the accumulated dust with dry, low-velocity air (approximately 5 Ib/in?). Remove any dirt which remains
with a soft brush or a cloth dampened with a mild detergent and water solution. A cotton-tipped applicator is

useful for cleaning in narrow spaces, or for cleaning more delicate circuit components.

CAUTION

Do not use cotton-tipped applicators for cleaning on, or near, Hypcon connectors. Cotton fibers will
stick to edges and surfaces causing open or intermittent connections. See the instructions in step 4 of
the Hypcon Connector removal procedure (listed under Semiconductors).

Circuit boards and components must be dry before applying power to prevent damage from electrical
arcing.

The high-voltage circuits should receive special attention. Excessive dirt in this area may cause
high-voltage arcing and result in improper instrument operation.

Visual Inspection

The 11401/11402 should be inspected occasionally for such defects as broken connections, improperly seated
semiconductors, damaged or improperly installed circuit boards and heat-damaged parts. The corrective
procedure for most visible defects is obvious; however, particular care must be taken if heat-damaged parts are
found. Overheating usually indicates other trouble in the instrument; therefore, correcting the cause of
overheating is important to prevent recurrance of the damage.
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Semiconductor Checks

Periodic checks of semiconductors are not recommended. The best check of semiconductor performance is actual
operation in the instrument. More details on semiconductors are given later in this section.

Periodic Electrical Adjustment

To ensure accurate measurements, check the electrical adjustment of this instrument after each 2000 hours of
operation, or every 24 months if used infrequently. In addition, replacement of components may necessitate
adjustment of the affected circuits. Adjustment instructions are given in Section 2—Checks and Adjustments of
the 11401 and 11402 Service Reference manual.
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Corrective Maintenance

Corrective maintenance consists of component replacement and instrument repair. Special techniques required to
replace components in the 11401/11402 Digitizing Oscilloscope mainframes are given here.

Power Supply Voltage Hazard

If you must work inside the power supply with power applied, do not touch any metal-faced part on the A2A1
Line Inverter board. The metal frame of the power supply chassis itself should be safe to touch. (However, a
live circuit could short to the chassis, under certain conditions, and then the chassis would be dangerous to
handle).

WARNING

All metal components, including any metal-faced ones, on the A2A1 Line Inverter board should be
considered hazardous. *This is because these components are at the AC line voltage potential.

Always remove the line power cord before any disassembly.

An electric-shock hazard exists when the 11401/11402 is NOT grounded. Do not remove the ground
wire (green-yellow) that connects the power supply chassis to the mainframe.

Manually discharge the line storage capacitors on the A2A1 Line Inverter board before beginning any

work inside the A2 power supply. (See the Access to Components in the A2 Power Supply procedure,
in this section.)

Selected Components Criteria Table

At the time of printing, the 11401/11402 uses no selected components.

Obtaining Replacement Parts

All electrical and mechanical part replacements for the 11401/11402 can be obtained through your Tektronix
field office or representative. However, many of the standard electronic components can be obtained locally in
less time than is required to order them from Tektronix, Inc. Before purchasing or ordering replacement parts,
check the parts list for value, tolerance, rating, and description.

NOTE
When selecting replacement parts, remember that the size and shape of a component may affect its

performance in the instrument. All replacement parts should be direct replacements unless you know
that a different component will not adversely affect instrument performance. ’
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Special Parts
Some parts are manufactured or selected by Tektronix, Inc. to satisfy particular requirements. Some are
manufactured for Tektronix, Inc. to satisfy our specifications. Most of the mechanical parts used in this

instrument have been manufactured by Tektronix, Inc. To determine the manufacturer of parts, refer to the Parts
List, Cross Index Mfr. Code Number to Manufacturer.

Ordering Parts

When ordering replacement parts from Tektronix, Inc., include the following information:
1.  Instrument type

2.  Instrument serial number

3. A description of the part (if electrical, include circuit number)

4. Tektronix Part Number

Component Color Coding

This instrument contains composition resistors, metal-film resistors, and wire-wound resistors. The resistance
values of wire-wound resistors are usually printed on the component body. The resistance values of composition
resistors and metal-film resistors are color coded on the components, using the EIA color code (some metal-film
resistors may have the value printed on the body). The color code is read starting with the stripe nearest the
end of the resistor. Composition resistors have four stripes, which consist of two significant figures, a
multiplier, and a tolerance value (see Fig. 3-1).

Metal-film resistors have five stripes consisting of three significant figures, a multiplier, and a tolerance
value.

The values of common disc capacitors and small electrolytics are marked on the side of the component body:

The cathode end of glass-encased diodes is indicated by a stripe, a series of stripes, or a dot. The cathode and
anode ends of metal-encased diodes can be identified by the diode symbol marked on the body.
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RESISTORS

METAL-FILM
RESISTORS

COMPOSITION

@@ and @ - 18T, 2ND, AND 3RD

SIGNIFICANT FIGS.

M) - MuLTIPLIER (@) - TOLERANGE;

COLOR CODE
RESISTORS
COLOR sngg{i}%gm
MULTIPLIER TOLERANCE
(OHMS)
BLACK 0 1 —_—
BROWN 1 10 +1%
RED 2 10* or 100 2%
ORANGE 3 10° or 1 K 3%
YELLOW 4 10° or 10 K +4%
GREEN 5 10° or 100 K +1/2%
BLUE 6 10%0r 1 M +1/4%
VIOLET 7 —_— +1/10%
GRAY 8 A ——
WHITE 9 —_— N
GOLD _— 10 or 0.1 +5%
SILVER —_— 10 or 0.01 +10%
NONE —_— —_— £20%

7386-301

Static-Sensitive Device Classification

Figure 3-1. Color code for resistors.

CAUTION

Static discharge can damage any semiconductor component in this instrument.

This instrument contains electrical components that are susceptible to damage from static discharge. See Table
3-1 for the relative susceptibility of various classes of semiconductors. Static voltages of 1 kV to 30 kV are

common in unprotected environments.

3-6
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TABLE 3-1
Relative Susceptibility to Damage
from Static Discharge
Relative
Semiconductor Classes Susceptibility
Levels!
e ]
MOS or CMOS microcircuits, and discrete or linear microcircuits with 1
MOS inputs (most sensitive)

ECL 2
Schottky signal diodes 3
Schottky TTL 4
High-frequency bipolar transistors 5
JFETs 6
Linear microcircuits 7
Low-power Schottky TTL 8
TTL (least sensitive) 9

1Voltage equivalent for levels.
1=100to 500V 6 = 600 to 800 V
2=200to 500 V 7 = 400 to 1000 V (est.)

3=250V §=900V
4=500V 9=1200V
5=400 to 600 V

{Voltage discharged from a 100 pF capacitor through a resistance of 100 chms.)

11401 /11402 Extended Service Manual
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Observe the following precautions to avoid damage:

1. Mimimize handling of static-sensitive components.

2. Transport and store static-sensitive components or assemblies in their original containers on an anti-static
tube rail, or conductive foam. Label any package that contains static-sensitive assemblies or components.

3. Discharge the static voltage from your body by wearing a wrist strap while handling these components.
Servicing static-sensitive assemblies or components should be performed only at a static-free work station
by qualified service personnel. We recommend use of the Static Control Mat, Tektronix Part Number 006-
3414-00, and Wrist Strap, Tektronix Part Number 006-3415-00.

4.  Allow nothing capable of generating or holding a static charge on the work station surface.

5. Keep the component leads shorted together whenever possible by storing them in conductive foam or rails.

6. Pick up components by the body, never by the leads.

7. Do not slide the components over any surface.

8. Avoid handling components in areas that have a floor or work-surface covering capable of generating a
static charge.

9.  Use a soldering iron that is connected to earth ground.

10. Use only special anti-static suction-type desoldering tools.

Soldering Techniques

WARNING

To avoid electric-shock hazard and instrument damage, disconnect the instrument from its power
source before soldering.

The reliability and accuracy of the 11401/11402 can be maintained only if proper soldering techniques are used
when repairing or replacing parts.

The desoldering and removal of parts is especially critical and should be done only with an anti-static vacuum
solder extractor; preferably, one approved by a Tektronix, Inc. Service Center.

Use wire solder with rosin core, 63% tin, 37% lead. Contact your local Tektronix, Inc. representative or field
office for approved solders.

3-8
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All circuit boards used in the 11401/11402 are multilayer. Conductive paths between the top and bottom layers
may connect with one or any number of inner layers. If this inner conductive path is broken (due mainly to poor
soldering practices), the board is unusable and must be replaced. Damage can void warranty.

CAUTION

Only an experienced maintenance person, proficient in the use of vacuum-type desoldering equipment,
should attempt repair of any board in this instrument.

When soldering on circuit boards or small wiring, use only a 15-watt, pencil-type soldering iron. A higher
wattage soldering iron can cause the etched circuit wiring to separate from the circuit board material. It can
also melt the insulation from small wiring. Always keep the soldering-iron tip properly tinned to ensure the
best heat transfer to the solder joint. Apply only enough heat to make a good solder joint. To protect heat-
sensitive components, hold the component lead with a pair of long-nose pliers between the component body and
the solder joint.

The following technique should be used to replace components on the circuit boards.
Touch the tip of the vacuum desoldering tool directly to the solder to be removed.
CAUTION
Excessive heat can cause the etched circuit wiring to separate from the circuit board material.

Never allow the solder extractor to remain on the board for more than three (3) seconds. Solder wick, spring-
actuated or squeeze-bulb solder suckers, and heat blocks (for multi-pin components) must not be used. Damage
can void warranty.

NOTE

Machine insertion of some components places a bend in both of the leads. These bent leads hold the
component in position during a flow-solder manufacturing process which solders all of the components
at once. Sonte components are difficult to remove due to their bent leads. To make removal of
machine-inserted components easier, first remove the solder from the joint. Then straighten the
leads of the components on the back of the circuit board, using a small screwdriver or pliers. Next,
remove the component.

When removing multi-pin components, do not heat adjacent conductors consecutively (see Fig. 3-2). Pause a
moment to allow the circuit board to cool before proceeding to the next pin.
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Figure 3-2. Recommended IC desoldering sequence.
Bend the leads of the replacement components to fit the holes in the circuit board. Insert the leads into the
holes in the board, or as originally positioned.
Touch the iron to thé éonniection and apply enough solder to make a firm solder joint.
Cut off any excess leads protruding through the board.

Clean the areas around the solder connection with a flux-removing solvent. Do not remove the information
printed on the circuit board.

CAUTION

Before cleaning around Hypcon connectors, read the instructions about them. See the Semiconductors
procedure, in this section.
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TABLE 3-2
Part Number Reference For Support Items

Purpose Item Quantity Location in Manual
. Required
__—-———’——-————————__—'—— e e —
Standard Accessories | User's Reference Manual 1 Appendix A—
Accessory List
"Standard Accessories"
Optional Accesories Service Manual 1 Volume 2,
Section 7, Replaceable
Mechanical Parts
"Optional Accessories"
Lubricant for Silicone grease, 1 Removing and Replacing
Power Transistors Tektronix Part 006-1353-01 tube Parts, "Semiconductors”
Discharge Static Static Control Mat 1 "Static-Sensitive Device
Voltage to Prevent Tektronix Part 006-3414-00 Classification"
Damage of Static-
Sensitive Components | Wrist strap 1
Tektronix Part 006-3415-00
Test Equipment for Sony/Tektronix 370 1 Volume 2,
General Trouble- Programmable Curve Tracer "Equipment Required"
shooting Tektronix 577/177 Curve Tracer
Remote Diagnostic Operation 1

Test Terminal, ANSI 3.64

7A26 Dual Trace Amplifier,

Sampler, and 7B10 and 7B15
Time Bases, or equivalent

Compatible with RS-232-C Interface
Tektronix 7904A Oscilloscope with

7514 Dual Trace Delayed Sweep

11401/11402 Extended Service Manual
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TABLE 3-2 (cont)

Part Number Reference For Support Items

Purpose Item Quantity Location in Manual
Required

Test Equipment (cont) | Technipower Autovariac 1

W10MT3W, or equivalent

Tektronix DM 501A 1

Digital Multimeter

Tektronix DC 510 1

350 MHz Universal Counter/Timer

Tektronix TM 506 1

Power Module Mainframe

Tektronix 1240 Logic Analyzer 1

Tektronix 067-1264-00 1

11000 Extended Diagnostics Unit

Tektronix 067-1267-00 Calibration 1

Fixture, Troubleshooting Aid

Extender Card with Cables

Tektronix P6401 Logic Probe 1

Tektronix 067-0587-02 Calibration 1

Fixture (Signal Standardizer)

modified for 11000 series.
Integrated Circuit Tektronix Part 003-0619-00 1 Removing and Replacing
Extracting Tool Parts, "Semiconductors"
Sockets for Number Tektronix
Integrated Circuits of Pins Part Number

8 136-0727-00

14 136-0728-00

16 136-0729-00

20 136-0752-00

24 136-0751-00

40 136-0757-00

3-12
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TABLE 3-2 (cont)

Part Number Reference For Support Items

Purpose Item Quantity Location in Manual
Required
Circuit Board Straight-slot screwdriver, large 1 Removing and Replacing
Removal Tools Parts, "Circuit Boards"
Torx screwdrivers, 1 ea.
T-7, T-8, T-10, T-15, T20, T-25
Allen (Hex) Wrench, 1/16-inch 1
Nutdrivers, 3/16",1/4",7/16" 1 ea.
Needle-nose pliers 1
Soldering iron, 15 W 1
Vacuum solder extractor, anti-static, 1
Pace PPS4A or equivalent
Torque wrench, 0-10 inch-pound range 1
Shorting resistor, 100-200Q 1 Removing and Replacing
Parts. See step 2c of the
"Access to Components in the
A2 Power Supply" procedure.
Optional Tools Flashlight, penlight-size 1
Check GPIB IBM PC Model XT/AT 1 User's Reference Manual,
Transfer Capability Hewlett Packard 200/300 Series Tektronix Part
Desktop computer 070-5791-00

Test Equipment for
Checks and Adjust-
ment Procedures

Refer to Test Equipment Table in the
11401 and 11402 Service Reference
manual.
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Service Kits
1. Extended Diagnostics 11000-series Power Supplies Part 067-1264-00.

The Extended Diagnostics unit (EDU) is a power supply troubleshooting tool for the 11301, 11302, 11401,
11402, and future 11000-series oscilloscopes. Using 21 LEDs, the EDU indicates the type of faults (such as
current limit, voltage fault, or temperature fault) that may cause the power supply to shut down.

The EDU connects to the J44 Diagnostic Port on the A2A2 Control Rectifier Board for testing.
2. Calibration Fixture: Troubleshooting Aid Extender Card with Cables Part 067-1267-00.

This calibration fixture is a troubleshooting aid for the 11401 and 11402 oscilloscopes. It includes an
extender card (with its cables) and a RS-232-C loopback device. The extender card enables plug-on circuit
boards to be raised from the card cage to be probed. It also acts as a kernel stimulus allowing
troubleshoting of the EXP kernel circuitry. The RS-232-C loopback device permits troubleshooting the
circuits from the EXP PP out to the standard R5-232-C port.

Removing and Replacing Parts

WARNING

To avoid electric-shock hazard and instrument damage, always disconnect the instrument from its
power source before removing or replacing components or plug-in units.

The exploded-view drawings associated with the Replaceable Mechanical Parts List may be helpful in the
removal or disassembly of individual components or subassemblies. (See Volume 2, "Diagrams and Parts
Lists.”)

The top and/or bottom covers will need to be removed for most repairs. Such removal is not mentioned in each
procedure. As the covers would need to be removed before the individual circuit boards are located, it is
assumed that they were off the instrument. Use a coin or a straight-slot screwdriver with a large-sized tip to
loosen the cover fasteners. Rotating the fastener a quarter turn counterclockwise will loosen it.

Whenever a specific area is mentioned (such as the right side), it will usually be in reference to the front of the
11401/11402. If another reference is intended, it will be so described (such as the left side, as facing the rear).

NOTE

Refer to the "Adjustments Required After Circuit Board or Module Replacement” table at the end of
this section.
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Electrical Lock-on of the ON/STANDBY Power Switch

Some applications of the 11401/11402 Digitizing Oscilloscope may require that the power remain on. To
electrically lockon the power (disable the ON/STANDBY Power Switch), use the following procedure:

1. Switch the PRINCIPAL POWER SWITCH to OFF (rear panel). Remove the AC power cable.
2. Position the instrument on its left (handle) side, as facing the front.

3. Remove the bottom cover.

4. Locate the A4 Regulator board as shown in Figure 3-8.

5. Locate the J820 jumper on the A4 Regulator board. (See Figure 3-14.)

6. Reposition the J820 jumper from its two outer (right side) pins to its two inner (left side) pins. Do not drop
the jumper while moving it.

7. Remove the bottom cover. Turn the instrument right side up.
8. Reconnect the AC power cable and switch the PRINCIPAL POWER SWITCH to ON.
CAUTION
The power will now remain on regardless of the setting of the ON/STANDBY Power Switch.

Do not install or remove a plug-in unit while the power is on. Doing so may damage the mainframe
andfor the plug-in.

9.  To turn the power off while the ON/STANDBY Power Switch is disabled, use the PRINCIPAL POWER
SWITCH.

To return to normal operation of the ON/STANDBY Power Switch, follow the preceding instructions in reverse
order.

A2 Power Supply Removal

The power supply can be slid out of the rear of the 11401/11402 for maintenance and troubleshooting. It may
also be removed to gain better access to the Al Plug-In Interface board, the A2A1 Line Inverter board, the A2A2
Control Rectifier board or the A4 Regulator board.

To remove the power supply from the mainframe, proceed as follows:

e Turn the mainframe on its left side (as viewed facing the rear panel). The power supply will now be at
the bottom of the instrument.

e Remove the eight Torx screws that secure the power supply (see Fig. 3-3).
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Figure 3-3. Rear panel location of screws securing the power supply.

e  Carefully pull the power supply part way out of the mainframe. Stop before the wires (to the A2A2
Control Rectifier board connectors) begin to stretch taut or bind.

CAUTION
Excessive pulling on the power supply beyond this point may damage connector pins.

*  The wires should be long enough to permit the power supply to be partially removed from the mainframe
without disconnecting any wire connectors.

NOTE

Should disconnection of any wires be necessary, record their location for correct replacement. (See
Fig. 34.)
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Figure 3-4. Bottom view of the A2A2 Control Rectifier board showing connector locations.

* Do not remove the chassis ground (green-yellow) wire. It should stay attached between the power supply
and the mainframe.

The power supply may now be removed from the mainframe. First remove the wire connectors from their
pins on the A2A2 Control Rectifier board. Depending on the repair work to be done, it may be appropriate
to set both the detached power supply and the mainframe right-side up.
* To apply power, attach the AC power cord to the power plug receptacle.
NOTE
The fan will revolve slightly slower than normal when the instrument is connected this way.
This connection will allow troubleshooting the power supply and/or power-related problems in the mainframe.
NOTE
Before removing any of the power supply covers, read the warnings in the Access to Components in
the A2 Power Supply procedure of this section.
An extended diagnostics unit is available for troubleshooting the power supply. For a brief
description and the Tektronix Part umber of this tool, see "Service Kits" near the beginning of this

section.

To replace the power supply, follow the previous procedure in reverse order.
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NOTE

Align the metal guides on the top of the power supply with the grooves inside the upper part of the
opening in the mainframe.

. Be careful not to pinch any wires or interconnecting cables while installing the power supply.

Replace the eight Torx screws into the rear plate and tighten them securely.

Access to Components in the A2 Power Supply
To reach the components inside the power supply chassis for maintenance or repair, use the following procedure:

WARNING

Disconnect the 11401/11402 from the power source. Allow the line storage capacitors to discharge
before removing any cover from the power supply. Unless they are manually discharged, these
capacitors remain charged with a high DC voltage for several minutes after the line power is
disconnected. A warning-indicator DS640 (neon bulb) located on the A2A1 Line Inverter board
flashes when this stored voltage exceeds about 80 V. Do not remove the power supply covers while
this light is flashing.

1. Remove the power supply as previously described.
a. Disconnect the AC power cord before proceeding.

2. To reach the A2A1 Line Inverter board, first remove the protective cover from the top of the power supply
chassis. This is done by removing the four screws securing the cover.

a. Carefully slide the protective cover off the power supply chassis.

b. The A2Al Line Inverter board is now accessible for maintenance or repair. However, if the
11401/11402 is to be operated with the cover removed, heed this:

WARNING

All metal components on the A2A1 Line Inverter board should be considered hazardous. Such
components remain at the AC line voltage potential.

Once the power cord has been disconnected, manually discharge the line storage capacitors. (See Fig.
3-5).

c.  Before starting maintenance or taking resistance measurements, manually discharge the line storage
capacitors (C200, C220, C310 and C320) as follows:

e Remove the protective cover as previously described.
e Locate the line storage capacitors on the A2A1 Line Inverter board. Place a 100-200 Q,400 V, 1-

watt insulated resistor in parallel with A2A1R220 (470 kQ) to discharge the capacitors, see
Figure 3-5. (Glue a plastic rod to the shorting resistor to act as a safety handle.)
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Figure 3-5. Manually discharging the line storage capacitors on the A2A1 Line Inverter board.

3.  To replace the power supply protective cover, follow the removal procedure in reverse order.

4. To reach the line voltage circuitry (PRINCIPAL POWER SWITCH, Line Voltage Selector, fuseholder,
etc.), proceed as follows:

a. Remove the two long screws from the right side of the fan housing (as viewed facing the rear panel).
(See Fig. 3-3.)

b. Remove the screw above and left of the PRINCIPAL POWER SWITCH. Then remove the screw
below and left of the power plug receptacle (the one closest to the left edge).

c.  Follow step 3 of the A2A1 Line Inverter Board Removal procedure, later in this section.
e Remove the overall cover from the power supply.

d. To replace the overall cover, follow this procedure in reverse order.
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5. Complete access to the A2A2 Control Rectifier board or to the A2A1 Line Inverter board may be obtained
by following the procedures to remove these boards. (See "Circuit Board Removal" in this section.)

6. Replace the power supply as previously described.
NOTE

Check that no wires contact the fan blades.

Fan Motor Removal
Remove and replace the fan motor as follows:

1. Mark the top of the fan motor housing. (It reassembles only one way.) Remove the four screws holding the
assembly together. (See Fig. 3-3.)

*  Hold the housing as the last screws are removed.
2.  Separate the grill and the housing from the motor.
3. Remove the two wires at their motor connections.
e Note that the red wire is (+) and the brown wire is (-).
4, Remove the fan motor.
NOTE

Observe the position in which the motor was mounted. Replace it the same way, or the fan wires may not
reach.

5. To replace the fan motor, follow the removal procedure in reverse order.
e  Don't pinch the wires under the fan housing.
¢  Tighten screws securely. Remove the marking from the top of the housing.

. Check that no wires contact the fan blades.
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Cathode-Ray Tube Removal

Remove the cathode-ray tube (crt) as follows:
WARNING

The crt may retain a dangerous electrical (12 kV) charge. Before removing the crt, the anode must be
fully discharged. Short the anode lead from the crt to the chassis. Wait approximately ten minutes
and again firmly short this lead to the chassis. Then, remove the crt.

Use care when handling. Breakage of the crt causes a high-velocity scattering of glass fragments

(implosion). Protective clothing and safety glasses should be worn. Avoid striking the crt on any

object which might cause it to crack or implode. When storing a crt, place it in a protective carton.
Otherwise, set it face down in a protected location. Be certain it is on a smooth surface with a soft
mat under the crt faceplate.

1. Turn the 11401/11402 so that its front is at your right. Remove the two flat, Torx screws holding the crt
shield to the chassis.

2. Lift up the outside of the shield.

s The inner edge of the shield is held in place by two tabs. These fit into slots in the chassis beneath
the inner edge of the A7 Display Controller board.

As the shield is lifted, its bottom will clear the frame behind the instrument's handle. At that
point, remove the shield carefully. Don't allow it to strike the crt.

WARNING

Crt anode voltage is 12 kV. Ground the lead to the chassis to short any stored charge remaining in
the crt.

Wait about ten minutes and ground the anode lead again.

3.  Usea non-conducting tool to pry up the rubber cap of the anode lead. (It is on the upper part of the crt
behind the front casting. See Fig. 3-6.) Release the spring clip inside the cap and in the crt opening to
remove the anode. Ground the anode to the chassis by inserting a screwdriver blade tip against the anode
and touching the blade to the top of the front casting.
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4. Remove the base-pin socket from the rear of the crt.

5. Disconnect connector J54 from the A8 CRT Driver board. It is located on the right front side, as viewed
facing the crt. (See Fig. 3-6.)

6. Turn the mainframe on its right side. The crt will be at the top.
7. Remove the two flat-head screws from the bottom of the bezel. Turn the mainframe right side up.

8. Remove the two Control knobs from the front of the bezel. (Use an Allen wrench to loosen the knob
setscrews.)

9.  Lift up on the bottom of the bezel and swing it outward.
NOTE
The upper part of the bezel is held by two tabs. These tabs fit into two slots inside the front casting.
The wire cable from P73 on the A10 Front-Panel Control board may be removed (see Fig. 3-19).
Disconnect connector P73 from the A10 Front-Panel Control board. Note the position of connector
index triangles in order to correctly replace the connector. Carefully remove the wire cable through
the slot provided in the front casting.

10. Remove the bezel.

¢  Remove the wire connector from the quick-disconnect contact on the upper right corner of the front
casting. Move the wire aside.

CAUTION
Be careful not to damage the interconnecting cable to P73, if it remains connected.

To protect it from being scratched or marred, cover the front of the bezel with some protective
material.

11. Remove the four Torx screws and washers from the corner prongs of the band fastened to the faceplate.
CAUTION
Don't allow the crt to drop when loosening screws.

12. Hold one hand on the faceplate. Gently push forward on the crt base with the other hand. Slowly
remove the crt from the front of the 11401/11402.
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Figure 3-6. Top view of the Crt and A8 Crt Driver board.
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Cathode-Ray Tube Replacement

Replace the crt as follows:

L

10.

11.

Replace connector J54 on the A8 Crt Driver board (see Fig. 3-6). Replace the wire connector to the quick-
disconnect contact on the front casting.

Insert the crt into the front casting with the anode opening towards the top. The crt fits in downward and
is pushed toward the left side. Align the corner prongs of the faceplate band around the four screwholes
near the faceplate corners. Replace the four Torx screws and washers. Tighten securely.

Clean the crt faceplate with a soft lint-free cloth dampened with denatured alcohol. Be careful not to
scratch the glass.

NOTE

If the P73 connector was disconnected when the front-panel bezel was removed, reconnect it. Route
the connector and cable through the slot in the front casting. Match the index triangles of the
connector and its holder on the A10 Front Panel Control board. Reattach the connector. Dress any
cable slack toward the center of the chassis.

Replace the front-panel bezel. Insert the two tabs at the top of the bezel into the slots inside the front
casting, above the upper edge of the faceplate. At the same time, center the two holes (near the bottom
right) of the bezel around the shafts for each control knob. Push the bottom of the bezel backwards until it
fits flush against the casting and in the side grooves of the casting. Don't pinch the interconnecting wire
cable.

Replace the two Control knobs on their shafts. Tighten their setscrews securely.

Turn the mainframe on its right side. (The crt will be at the top.) Replace the two flathead screws in the
bezel and tighten securely.

Turn the mainframe right side up.

Remove the protective cap from the crt base pins. Install the crt base-pin socket. Align the keyway of the
socket with the gap between the pins on the base. Push the socket over the crt pins until it is seated.

Install the anode lead in the hole near the top of the crt. Inside the rubber cap is a spring clip. Put one
side of the clip into the crt hole, then push the other side in. Check that the clip is connected by lightly
tugging on the cap.

Replace the crt shield. Insert the two tabs on the shield's inner edge into their respective slots in the
chassis. These slots are underneath the A7 Display Controller board.

¢  Slide the outer edge of the shield behind the handle and inside the chassis. Align the countersunk
holes with the threaded openings on the inside of the shield.

Reinstall the two flathead Torx screws. Tighten them securely.
NOTE

Replacing the crt will require that the instrument be readjusted. Refer to the
"Checks Required after FRU Replacementi ‘in the 11401 and 11402 Service Reference manual.
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Lithium Battery Handling, Disposal, and First Aid

Two lithium batteries are connected to circuit boards in the 11401/11402. BT130 is soldered to the A14
Input/Output board and BT160 to the A17 Main Processor board.

Removal and Handling
WARNING
Wear safety glasses when desoldering or soldering a lithium battery.

To remove the battery from a board, apply a vacuum solder extractor to the joint where the battery is connected.
Touch the solder extractor only on the tabs welded to the battery terminals.

WARNING

Never touch the battery itself with a hot solder extractor or soldering iron. Do not desolder or solder
directly on the battery terminals.

Use the standard desoldering method covered in the "Soldering Techniques" procedure in this section. Once the
solder is removed from the connection, remove the battery by pulling it free from the circuit board.

Do not drop a battery. Short circuits or other problems can be caused by dropping. Do not place a battery on any
metal surface.

WARNING
To avoid personal injury, observe proper procedures for the handling of lithium batteries. Improper

handling may cause fire, explosion, or severe burns. Do not recharge, crush, disassemble, heat the
battery above 212° F (100° C), incinerate, or expose the contents to water.

Storage

When storing a battery, separate it from all metal or conductive surfaces. Do not store batteries loosely nor
dump them into bins. Store them in their original shipping container or in individually wrapped plastic.

Board Cleaning

Battery salts, if present, will usually appear like a white powder upon contact with a circuit board. These
salts may react with one or more layers of the board material, resulting in permanent damage and/or open
traces.

Clean the salts from the board immediately with a brush and water. Any boards which were in contact with
battery salts for more than a few minutes must be thoroughly tested for possible damage.
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Discharging
WARNING

Never touch a battery directly with a hot soldering iron. Wear safety glasses when soldering or
desoldering.

To discharge, solder a 10 Q resistor across the battery to the tabs welded at each end. (Use the drawing shown
in Fig. 3-7
for an example.)

After discharging for 24 hours, test the battery with an ammeter. If the reading is no more than
10 mA of current, the battery is considered fully discharged. (The resistor can be left attached for disposal.)

AV~
10Q

PANASONIC
+ BrR23A

j .

7386-307

Figure 3-7. Lithium battery discharging through 10 Q resistor.

Disposal
After the battery has been discharged, dispose of it according to local, state and federal regulations.
NOTE

Typically, small quantities (less than 20) can be safely disposed of with ordinary garbage in a
sanitary landfill.

Larger quantities must be sent by surface transport to a Hazardous Waste Disposal Facility. The batteries

should be individually packaged to prevent shorting. Then, pack them into a sturdy container that is clearly
labeled, "Lithium Batteries — DO NOT OPEN".

Replacement

Re-install the new battery in the circuit board. Use the standard method to solder the connection, as covered in
the "Soldering Techniques” procedure in this section.

NOTE

The preceding WARNINGs apply to soldering as well as to desoldering methods.
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Emergency & First Aid Information

Manufacturer: Panasonic
Battery Type: Lithium Poly-Carbon monoflouride, BR 2/3 A
Solvent (electrolyte): Gama Butyrlactone is of low toxicity. It can cause some eye and respiratory

irritation. The solvent may be released during venting, according to the
manufacturer. (Venting is an outgassing of battery material.) This is usually
caused by short circuiting (for more than a few seconds) or by overheating.

Solute: LIBF4
houl me in contact with olven
By Do This
Contact with skin Wash promptly with plenty of water.
Contact with eyes Flush immediately with plenty of water and use an emergency eye wash, if

available. Report to a medical professional for treatment.

Inhalation Leave the area and get fresh air. Report to a medical professional for
treatment.

Ingestion Non-toxic according to laboratory testing. However, report to a medical
professional for advice.

In case of venting, clear the immediate area, Venting will usually last only a few seconds.
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Circuit Board Removal

The top and/or bottom covers will need to be removed for most repairs. Such removal is not mentioned in each
procedure. As the covers would need to be removed before the individual circuit boards are located, it is
assumed that they were off the instrument. Use a coin or a straight-slot screwdriver with a large-sized tip to
loosen the cover fasteners. Rotating the fastener quarter-turn counterclockwise will loosen it.

All circuit boards used in the 11401/11402 Oscilloscope are multilayer. Conductive paths between the top and
bottom layers may connect with one or any number of inner layers. If this inner layer conductive path is broken
(due mainly to poor soldering practices), the board is unusable and must be replaced. Damage can void
warranty.

If a circuit board is damaged beyond repair, replace the entire board assembly. Part numbers are given in the
Replaceable Electrical Parts List in the Volume 2 Extended Service Manual.

To determine the location of a circuit board, see the exploded view in Figure 3-8.
Most circuit boards in the 11401/11402 are mounted on the chassis. Pin connectors are used for electrical
interconnection with chassis-mounted components and other circuit boards. Five boards (A141/0, A15 MMU,
A16 Waveform Compressor, A17 Main Processor, and A18 Memory) plug onto the top of the A13 Mother board.
Feed-through connectors join the plug-on boards to the A13 Mother board.

CAUTION

After removing a circuit board from the instrument, place it upon a non-conducting surface. This will
minimize the chance of static charge damage to the integrated circuits andfor related circuitry.

Some parts mounted on a board must be retained for use with the new assembly. These parts would
include interconnecting plugs, supports posts, and some wiring.
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Chassis-Mounted Boards

A1 Plug-In Interface Board

Remove and replace the A1 Plug-in Interface board as follows:

1.

2.

Remove the plug-in units.

Remove the nine screws that fasten the three interface connector receptacles to the chassis. (See Fig. 3-9).
Remove all the connectors from the A7 Display Controller board. Note the position of their index
triangles so that the connectors can be correctly replaced. Remove the six Torx screws that fasten the
board to the chassis. Remove the A7 Display Controller board. (See Fig. 3-17 and "A7 Display Controller

board” later in this section.)

Remove the A2 Power Supply (see "A2 Power Supply Removal," in this section). Remove the connectors
from the A2A2 Control Rectifier board, except for J70 and J81 (see Fig. 3-4 in this section).

NOTE
Record the positions of the connectors for correct replacement.
Return the 11401/11402 to its right side up position (if the instrument is on its side).

Disconnect connectors J57 and J60 from the A4 Regulator board (see Fig. 3-14). Remove the two Torx screws
from the metal heatsink at the rear of the board.

NOTE

The A4 Regulator board is now unfastened from the chassis. However, it still remains connected to
the Al Plug-In Interface board.

Carefully disconnect the J95 and J96 interconnecting pins from the A1 Plug-In Interface board by pulling the
A4 Regulator board towards the rear. Remove the A4 Regulator board.

Position the instrument so that the A1 Plug-In Interface board can be removed through the top of the
mainframe chassis.

Remove the Al Plug-In Interface board. Note the locations of the coaxial end-lead connectors and the
interconnecting plugs so that they can be correctly replaced.

To replace the A1 Plug-In Interface board, follow the removal procedure in reverse order. Match the index
triangle on the pin connectors to the corresponding triangle on the circuit boards or connectors. Correct
location of the pin connectors is shown in the circuit board illustrations.

NOTE

To ease replacement of the screws in the Al Plug-In Interface connector receptacles (see Fig. 3-9), start
the screws when the A1 Plug-In Interface board is replaced into the instrument. Then, tighten all
nine screws in the connector receptacles.
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Figure 3-8. Location of circuit boards in the 11401/11402.
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Figure 3-8 (cont). Location of circuit boards in the 11401/11402.
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A2A1 Line Inverter Board

Remove and replace the A2A1 Line Inverter board as follows:

Remove the power supply (see "A2 Power Supply Removal," in this section).

1.

2. Remove the protective cover from the power supply. (See "Access to Components in the A2 Power Supply,”
in this section. Follow the WARNING and steps 1 through 2a.)

3. Remove the two screws that secure the A2A1 Line Inverter board (see Fig. 3-10). Then remove the screw
holding the front of the overall cover to the A2A1 Line Inverter board. Remove the two screws from the
bottom front of that cover.

SECURING 370

SCREWS

e @ 8

feoeocOBBR
PRP0POPODD

® ®® e

POWER SUPPLY REAR

(TOP VIEW)
)
7386-310
Figure 3-10. Connector locations for removal of the A2A1 Line Inverter board.
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Figure 3-11. Location of rear panel screws securing the power supply cover.
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4. Remove the two screws from the left side of the power supply rear plate, above and below the power plug
receptacle. (See Fig. 3-11.)

a. Remove the two long screws from the right side of the fan motor housing. (See Fig; 3-11)
b. Remove the overall cover from the power supply unit.
5. Remove connector J70 from the right front edge of the A2A1 Line Inverter board (see Fig.
3-10). Gently separate the A2A1 Line Inverter board from the A2A2 Control Rectifier board. (The
interconnecting pins of J97 and J98 hold them together.)
6. Unsolder the (white) wire connecting the A2A1 Line Inverter board to the line filter at the filter.
e Unsolder the (white) wire connecting the A2A1 Line Inverter to the fuseholder, at the fuseholder.

NOTE

When removing a wire from a circuit board, always tag the wire and the corresponding connection
point on the circuit board.

7. Remove the A2A1 Line Inverter board.

8.  To replace the A2A1 Line Inverter board, follow the removal procedure in reverse order. Match the index
triangle on the pin connectors with the corresponding triangle on the board. Correct location of the pin
connectors is shown in the circuit board illustrations.

CAUTION

Check that the circuit board is held in place by its plastic guides on both edges. These guides are
mounted inside the overall power supply cover.
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A2A2 Control Rectifier Board
Remove and replace the A2A2 Control Rectifier board as follows:
1. Remove the power supply. (See "A2 Power Supply Removal," in this section.)

2. Remove the protective cover from the power supply. (See "Access to Components in the A2 Power Supply,”
in this section).

3.  Follow steps 3 through 4b of the "A2A1 Line Inverter Board Removal" procedure (in this section) to
remove the overall cover from the power supply chassis.

4. With reference to Figure 3-12, remove connector J70 connector at the upper front edge of the A2A2 Control
Rectifier board. Remove connector J81 (to the fan motor) which is located near the lower right.

J81 DIAGNOSTIC PORT
(TO THE FAN) J44

J70

o
(TO A2A1) —1
(o]0}
=
—3
| s

dod

0000000000Q0000

@l 101

POWER SUPPLY REAR
(BOTTOM VIEW) J63

v

7386-312

Figure 3-12. Connector locations for removal of the A2A2 Control Rectifier board.
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Figure 3-13. Rear panel mounting screws for the A2A2 Control Rectifier board.
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Remove the two screws below and to the right of the power plug receptacle on the 11401/11402 rear panel
(see Fig. 3-13). Gently separate the A2A2 Control Rectifier board from the A2A1 Line Inverter board. The
interconnecting pins in ]97 and J98, on the A2A1 Line Inverter board, hold both boards together (see Fig. 3-
10).

Remove the A2A2 Control Rectifier board.

CAUTION

The A2A1 Line Inverter board is now unfastened and requires support so it does not fall and become
damaged.

To replace the A2A2 Control Rectifier board, follow the removal procedure in reverse order. Match the
index triangles on the pin connectors with the corresponding triangles on the board. The correct location of
the pin connectors is shown in the circuit board illustrations.

CAUTION

Check that the circuit board is held in place by its plastic guides on both sides. These guides are mounted
inside the overall power supply cover.
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A4 Regulator Board

Remove and replace the A4 Regulator board as follows:

1. Remove the power supply. (See "A2 Power Supply Removal," in this section.)
2. Ifiit is on its side, set the 11401/11402 right side up.

3.  Disconnect connectors J57 and J60 from the A4 Regulator board (see Fig. 3-14). Note the connector index
triangle locations for correct reconnection.

4. Remove the two Torx screws from the metal heat-sink attached to the rear of the board (see Fig. 3-14).
NOTE

The A4 Regulator board is now unfastened from the chassis. However, it remains connected to the Al
Plug-In Interface board through interconnecting pins.
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Figure 3-14. Connector locations for removal of the A4 Regulator board.
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5. Carefully disconnect the J95 and J96 pins from the A1 Plug-In Interface board by pulling the A4 Regulator
board toward the rear.

6. Remove the A4 Regulator board.

7.  To replace the A4 Regulator board, follow the removal procedure in reverse order.

CAUTION
Use care when reconnecting the J95 and J96 pins to the A1 Plug-In Interface board. (Should it become
necessary, the A5 Acquisition board may be removed to view these pins through the mainframe
chassis. See the following A5 Acqquisition board procedure.)
NOTE

Match the index triangle on the pin connectors with the corresponding triangle on the circuit board.
Correct locations of the pin connectors are shown in the circuit board illustrations.

A5 Acquisition Board
Remove and replace the A5 Acquisition board as follows:

1.  Turn the instrument on its right side (as viewed facing the front). The board is located beneath the card
cage and the power supply compartments and beside the A6 Time Base board.

2. Remove the six Torx screws from the board.
Remove the long Torx screws from the support pivots at the front edges of the board.

3.  Move the rear side of the board outward. Position the board so that its outside edge is about
perpendicular to the bottom of the oscilloscope. Do not stress the wire bundles.

NOTE
Record the positions of the connectors and the receptacles to aid in their correct reinstallation.
4. Disconnect the Peltola connectors from the center and board edge areas. (See Fig. 3-15.)
5. Disconnect connectors J85, J66B, J]91C, ]86, ]84, and J91A from along the inside edge of the board.
6. Remove the A5 Acquisition board.

7.  To replace the A5 Acquisition board, follow the removal procedure in reverse order.
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CAUTION

Don't pinch any interconnecting wires underneath the board. Arrange the wires away from the posts
to which the Torx screws will be fastened.

NOTE

is @ small circuit board attached to the A5 Acquisition

On an 11402 Digitizing Oscilloscope there
ted by

board. This is the A5A1 Strobe board. It is located near the Sampler Hybrid IC and is connec
Berg sockets. The Strobe board slides into place and can be easily removed.
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Figure 3-15. Connector locations for removal of the A5 Acquisition board.
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A6 Time Base Board
Remove and replace the A6 Time Base board as follows:

1.  Tumn the instrument on its right side (as viewed facing the front). The board is located next to the Crt
bottom and beside the A5 Acquisition board.

e  The A5 Acquisition board overlaps the rear edge of the A6 Time Base board. Remove the board-
retaining screws from the A5 Acquisition board. (See the preceding "Circuit Board Removal”
procedure.) Do not remove its connectors. Move the A5 Acquisition board away from its location to
remove the A6 Time Base board.

NOTE

Record the positions of each connector to aid in their correct replacement.

2.  Remove connector J09 (see Fig. 3-16).

3. Remove connectors J85, J66A, J83, J86, ]84, and J91.

4. Remove the spacer post and five Torx screws from the board.

5. Remove the A6 Time Base board.

6. To replace the A6 Time Base board, follow the removal instructions in reverse order.
CAUTION

The 11401/11402 has static-sensitive components. Be sure to observe all special precautions
mentioned under the heading "Static-Sensitive Device Classification”.

Don’t pinch any interconnecting wires.

A7 Display Controller Board
Remove and Replace the A7 Display Controller board as follows:

1. Remove connectors J57, J53, J52, and J63C from the board (see Fig. 3-17). Note the index triangles on each
connector so they can be replaced correctly.

2. Remove the six Torx screws.
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Figure 3-16. Connector locations for removal of the A6 Time Base board.

3. Remove the A7 Display Controller board. Lift and extract the board toward the right side of the
11401/11402 (as viewed facing the front).

e  Notice that the inside edge is held fast by slots in each bottom edge of the circuit board guides.
(These guides secure the circuit boards within the card cage compartment.)

4. To replace the A7 Display Controller board, follow the removal procedure in reverse order.
CAUTION

Observe the routing of wires underneath the board. Do not pinch any interconnecting wires when
replacing the board.
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NOTE

Insert the inner edge of the board back into each of the slots of the board guides. (Be certain the
guides are seated correctly on top of the circuit boards in the card cage).
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Figure 3-17. Connector locations for removal of the A7 Display Controller board.

A8 CRT Driver Board
Remove and replace the A8 Crt Driver board as follows:
1. Remove the crt shield. (See the "Cathode Ray Tube Removal," in this section.)

2. Remove all connectors from the A8 Crt Driver board (see Fig. 3-18) Note the position of connectors' index
triangles so the connectors can be correctly replaced.

3. Remove the Torx screws from the (left side) front and rear decorative trim covers. Do NOT attempt to
remove the trim covers until after reading the following CAUTION.
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CAUTION

Do not lift the trim covers to remove them. They will break. There is a clip on the inside of the trim
cover which slides over the end of the side frame section.

To remove the trim covers, move each cover towards the end of the instrument where it is located.

(The front cover moves foward and the rear cover moves backward.) Moving the clip about 1/8-inch
will release the cover. Then, the cover can be removed from the instrument.

4. Remove the trim covers.

5. Remove the single Torx screw from the center of the (left side) frame section.
*  Remove the two screws from the ends of the frame section.
. Remove the frame section.

6. Remove the Torx screws from each corner of the board.
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Figure 3-18. Connector locations for removal of the A8 CRT Driver board.
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7. Remove the A8 Crt Driver board by sliding it under the neck of the crt and out of the left side of the
instrument.

8. To replace the A8 Crt Driver board, follow the removal procedure in reverse order.

A9 Touch Panel Subassembly
Remove and replace the A9 Touch Panel subassembly as follows:

1.  Remove the front-panel bezel. (Refer to "Cathode-Ray Tube Removal," in this section.) Begin with step 6
and proceed through step 9.

NOTE
The wire cable from P73 on the A10 Front Panel Control board is removed with the A9 Touch Panel
subassembly. (See Fig. 3-19.) Disconnect connector P73 from the A10 Front Panel Control board. Note
the position of connector index triangles in order to correctly replace the connector. Carefully remove
the wire cable through the slot provided in the front casting.

Protect the front of the bezel after it is removed. Since the plastic exterior may scratch, cover it
with protective material.

2. To replace the A9 Touch Panel subassembly, route the P73 wire cable back through the slot in the chassis.
Attach the connector to the board after checking the index triangles for correct orientation.

3.  Replace the bezel. (Refer to "Cathode-Ray Tube Replacement,” in this section.) Use steps 4 through 7.
NOTE

Feed any slack cable from P73 to inside the chassis (near the A10 Front Panel Control board). Be careful
not to pinch the interconnecting cable when the bezel is replaced.

A10 Front Panel Control Board

Remove and replace the A10 Front Panel Control board as follows:

1.  Remove the crt shield. (See "Cathode-Ray Tube Removal," in this section.) Follow steps 1 and 2.
2.  Remove connector J53 from the A7 Display Controller board. (See Fig. 3-17.)

3. Remove connectors P72, P75, P73 and P74. (See Fig. 3-19.) Note the position of their index triangles for
correct replacement.

4. Remove the two Torx screws at the upper edge of the board. (See Fig. 3-19.)
5.  Lift the board away from the guides at its bottom and remove it.

6. To replace the A10 Front Panel Control board, follow the removal procedure in reverse order.
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A11 Front Panel Button Board

Remove and replace the A11 Front Panel Button board as follows:

1.

2.

Remove the A7 Display Controller board. (See "A7 Display Controller Board,” in this section.)
Remove the crt shield. (See "Cathode-Ray Tube Removal," in this section.) Follow steps 1 and 2.

Remove connector P75 from the A10 Front Panel Control board (see Fig. 3-19). Note the position of
connector index triangles for correct replacement.

Remove the two Torx screws from the A11 Front Panel Button board, which is located at the top and near
the inside center of the front casting.

Remove the A1l Front Panel Button board.

To repiace the A11 Front Panel Button board, follow the removal procedure in reverse order.
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Figure 3-19. Connector locations for removal of the A10 Front Panel Control board.
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Remove and replace the A12 Rear Panel board as follows:

1.

Remove the eight Torx screws from the outer edges of the rear panel plate. (See Fig. 3-20.)
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REAR PANEL
MOUNTING SCREWS

7386-320

Figure 3-20. Location of rear panel mounting screws.

Tilt the plate back from the mainframe. Remove connector ]78 from the top of the A12 Rear Panel board.
Note the position of the connector index triangles for correct replacement.

Remove the connectors from the RS-232-C, GPIB, and PRINTER connector holders. (See Fig. 3-21.)

Remove the rear panel plate and its attached A12 Rear Panel board.

Remove the following items from the rear panel plate:

Two bail brackets, screws, and washers from the PRINTER connector,

Two posts from the GPIB connector,

Posts, lockwashers, and flat washers from the RS-232-C connector(s),

Torx screw and washer (at lower left, if present).
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5. Remove the A12 Rear Panel board from the plate.
CAUTION
The metal covers on the PRINTER and on the GPIB connectors are loose. If the board is inverted,
they will fall off.
6. To replace the A12 Rear Panel board, follow the removal procedure in reverse order.
NOTE

Replacement of connector J78 will be easier if the connector is replaced before the plate is reinstalled.
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Figure 3-21. Connector locations for removal of the A12 Rear Panel board.
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A13 Mother Board

Remove and replace the A13 Mother board as follows:

1. Remove both circuit board guides from atop the card cage. The guides are retained by two small catches,
located in two holes in the left side bracket of the card cage. The other ends of the guides contain slots
which attach to the edge of the A7 Display Controller board. Both ends of the guides can be pried loose
for removal.

2. Remove the A14 1/0, A15 MMU, A16 Waveform Compressor, A17 Main Processor, and A18 Memory Circuit
boards. (See "Plug-On Boards," in this section.)

NOTE
Tag the interconnecting plugs and mark the board locations so that they can be replaced correctly.

3. Remove connector J63B from the A13 Mother board.

4. Remove the six Torx screws.

5. Remove the A13 Mother board.

6. To replace the A13 Mother board, follow the removal procedure in reverse order.

NOTE
Don't pinch the wires along the inside edge of the board when replacing it.
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Plug-On Boards

All circuit boards inside the card cage plug onto the A13 Mother board. Feed-through connectors join the plug-
on boards to the Mother board. Figure 3-22 shows the location of each board within the card cage.

NOTE

An extender card is available for troubleshooting the card cage circuit boards. For a brief description
and the Tektronix Part Number of this troubleshooting aid, see "Service Kits" near the beginning of
this section.

A14 Input/Output (/O) Board

Remove and replace the A14 1/0 board as follows:

1.

Remove both circuit board guides from atop the card cage. These guides are retained by two small catches
located in two holes in the left bracket of the card cage. The other ends of the guides contain slots which
attach to the edge of the A7 Display Controller board. Both ends of the guides can be pried loose for
removal.

Remove connectors ]78, 77, J90 and J72. Note the position of connector triangles for correct replacement.
(See Fig. 3-22 for the location of the A14 Input/Output board in the card cage and Fig. 3-23 for connector

locations.)

Lift the white, hinged tab at the upper front edge of the board. Pull the tab upward until the A141/0
board separates from the A13 Mother board.

Remove the A14 1I/0 board.

WARNING
A lithium battery (BT130) is mounted on the A14 I/O board. This battery requires special handling
for disposal. Read the instructions on "Lithium Battery Handling, Disposal, and First Aid,” in this
section.
Replace the A14 I/0 board by following the removal procedure in reverse order.

NOTE

Insert the board edges into the plastic guides at each end of the card cage. Lower the board into
position.

Check that connector P105 is seated on the A13 Mother board connector (see Fig. 3-22). Push down firmly
on the A14 I/O board to connect it.
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Figure 3-22. Top view of the card cage showing circuit board locations.

A15 Memory Manager Unit (MMU) Board
Remove and replace the A15 MMU board as follows:

1. Remove both circuit board guides from atop the card cage. The guides are retained by two small catches
located in two holes in the left bracket of the card cage. The other ends of the guides contain slots which
attach to the edge of the A7 Display Controller board. Both ends of the guides can be pried loose for
removal.
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Figure 3-23. Connector locations for removal of the A14 Input/Output board.

2. Remove connectors J83 and J79 (see Fig. 3-22 and 3-24). Note the position of connector index triangles for
correct replacement.

3. Remove J90 from the A14 1/O board.

4.  Lift the white, hinged tabs at the front and rear edges of the board. Pull the tabs upward until the A15
MMU board separates from the A13 Mother board.

5. Remove the A15 MMU board.
6. Replace the A15 MMU board by following the removal procedure in reverse order.
NOTE

Insert the board edges into the plastic guides at each end of the card cage. Lower the board into
position.

Check that connector P101 is seated onto the A13 Mother board connector. Push down firmly on the
A14 MMU board to connect it.
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Figure 3-24. Connector locations for removal of the A15 Memory Manager Unit board.

A16 Waveform Compressor Board

Remove and replace the A16 Waveform Compressor board as follows:

1. Remove both circuit board guides from atop the card cage. The guides are retained by two small catches
located in two holes of the left bracket of the card cage. The other ends of the guides contain slots which
attach to the edge of the A7 Display Controller board. Both ends of the guides can be pried loose for
removal.

2.  Remove connectors J52 and ]J79. (See Fig. 3-22 and 3-25). Note the position of connector index triangles for
correct connector replacement.

3.  Remove J90 from the A14 1/O board. (See Fig. 3-23.)

4.  Lift the white, hinged tabs at the front and rear edges of the board. Pull the tabs upward until the A16
Waveform Compressor board separates from the A13 Mother board.

5. Remove the A16 Waveform Compressor board.

6. Replace the A16 Waveform Compressor board by following the removal procedure in reverse order.
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NOTE

Insert the board edges into the plastic guides at each end of the card cage. Lower the board into position.

Check that connector P100 is seated onto the A13 Mother board connector. Push down firmly on the Al6
Waveform Compressor board to connect it.
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Figure 3-25. Connector locations for removal of the A16 Waveform Compressor board.

A17 Main Processor Board

Remove and replace the A17 Main Processor board as follows:

1. Remove both circuit board guides from atop the card cage. The guides are retained by two small catches
Jocated in two holes in the left bracket of the card cage. The other ends of the guides contain slots which
attach to the edge of the A7 Display Controller board. Both guide ends can be pried loose for removal.

2. Remove connector J77. (See Fig. 3-22 and 3-26).

3.  Lift the white, hinged tabs at the front and rear edges of the board. Pull the tabs upward until the A17
Main Processor board separates from the A13 Mother board.

4. Remove the A17 Main Processor board.
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WARNING

A lithium battery (BT160) is mounted on the A17 Main Processor board. The battery requires special
handling for disposal. Read the instructions on the "Lithium Battery Handling, Disposal, and First
Aid,” in this section.

5. Replace the A17 Main Processor board by following the removal procedure in reverse order.
NOTE
Insert the board edges into the plastic guides at each end of the card cage. Lower the board into
position.
Check that connector P104 is seated onto the A13 Mother board connector. Push down firmly on the
A17 Main Processor board to connect it.
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Figure 3-26. Connector locations for removal of the A17 Main Processor Board
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A18 Memory Board

Remove and replace the A18 Memory board as follows:

1. Remove both circuit board guides from atop the card cage. The guides are retained by two small catches
located in two holes in the left bracket of the card cage. The other ends of the guides contain slots which

attach to the edge of the A7 Display Controller board. Both ends of the guides can be pried loose for
removal.

2. Lift the white, hinged tabs at the front and rear edges of the board. Pull the tabs upward until the A18
Memory board separates from the A13 Mother board. (See Fig. 3-22 for the location of A18 within the
card cage).

3. Remove the A18 Memory board.
4. Replace the A18 Memory board by following the removal procedure in reverse order.
NOTE

Insert the edges of the board into the plastic guides at each end of the card cage. Lower the board
into position.

Check that connector P106 is seated onto the A13 Mother board connector. Push down firmly on the
A18 Memory board to connect it.
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Front-Panel Bezel Removal

(See the A9 Touch Panel Subassembly Removal)

S74 and S75 Encoder Removal

To remove and replace the 574 and S75 Encoder, proceed as follows:

1. Remove the front-panel bezel and the crt. (Refer to "Cathode Ray Tube Removal," in this section.)
2.  Remove the plastic shaft extender by pulling it off.

3.  Remove the 7/16" nut and the washer.

4. Remove the Encoder(s) from the casting by pulling toward the interior of the instrument. (Notice the way
its key fits into the casting keyway.)

5. Unsolder the wires from the Encoder(s).
NOTE

When removing wires from a component, record their locations for replacement.

6. Remove the Encoder(s).

. Connector P74 can be disconnected (from the A10 Front-Panel Control board) if both Encoders are
removed.

7.  To replace the S74 or S75 Encoder, follow the removal procedure in reverse order. For the crt, refer to the
"Cathode-Ray Tube Replacement" procedure.

NOTE
Be certain that the wires are correctly replaced on the Encoder(s).
Align the key on the Encoder(s) with the keyway(s) in the front casting before tightening the nut.

If it was removed, replace connector P74 on the A10 Front-Panel Control board.
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Rear Panel Removal

To remove the rear panel, proceed as follows:

1. Remove the rear panel plate and board. (Refer to the A12 Rear Panel board removal procedure, in this
section). Follow steps 1 through 5.

e The A12 Rear Panel board is now accessible for troubleshooting and/or repair.
CAUTION

The metal covers on the Printer and on the GPIB connectors are loose. They will fall off if the board
is inverted.

2. To replace the rear panel, follow the removal procedure in reverse order.

Semiconductors

Semiconductors should not be replaced unless actually defective. If removed from their sockets during routine
maintenance, return them to their original sockets. Unnecessary replacement of two facing pages
semiconductors may affect the adjustment of the instrument. When semiconductors are replaced, check the
operation of circuits that may be affected.

WARNING

To avoid an electric-shock hazard, always disconnect the instrument from its power source before
removing or replacing components.

Replacement semiconductors should be of the original type or a direct replacement. (Refer to Figure 3-27 for
semiconductor indexing and lead configurations.) If a replacement transistor is made by a different
manufacturer than the original, check the manufacturer's basing diagram for correct basing. When removing
soldered-on transistors or integrated circuits, use an anti-static vacuum solder extractor (see the Soldering
Techniques procedure in this section) to remove the solder from the circuit board pads. Transistors which
have heat radiators or are mounted on the chassis use silicone grease to increase heat transfer. Replace the
silicone grease on both sides of the insulating washer when replacing these transistors.
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NOTE
LEAD CONFIGURATIONS AND CASE STYLES ARE TYPICAL, BUT MAY
VARY DUE TO VENDOR CHANGES OR INSTRUMENT MODIFICATIONS.
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Figure 3-27. Semiconductor Lead Chart.
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WARNING

Handle silicone grease with care. Avoid getting the silicone grease in your eyes. Wash hands
thoroughly after use.

Most integrated circuit pin sockets are indexed by a square-shaped socket for the number 1 pin. The reverse
view of a circuit board shows the pins are numbered in a clockwise direction starting at the index. (An
example of a pin number sequence is shown in the Semiconductor Lead Chart, Figure 3-27.)

To replace one of the power transistors mounted on the metal heat-sink at the rear of the power supply (A4
Regulator board), first remove the board. (See the A4 Regulator Board Removal procedure in this section.)
Then unsolder the transistor leads, remove the mounting screw from its heat radiator, and remove the
transistor and its insulating washer. When replacing the transistor, be sure to reinstall the insulating washer
between the transistor and the heat sink (use silicone grease as previously described). Reinstall the mounting
screw and tighten it just enough to hold the transistor in place. Then solder the replacement transistor to the
A4 Regulator board. Replace the board by following the removal procedure in reverse order.

An extracting tool should be used to remove in-line integrated circuits to prevent damaging the pins. This tool
is available from Tektronix, Inc.; see Table 3-2 for part number If an extracting tool is not available, use care
to avoid damaging the pins. Pull slowly and evenly on both ends of the integrated circuit (IC). Try to avoid
disengaging one end from the socket before the other end. (Most ICs will be soldered into the circuit board,
rather than in sockets).

CAUTION

Do not remove stickers affixed to the top of EPROMSs. Removing such stickers will admit light into the
chip, and may cause partial erasure of its data.
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Hypcon Connectors

The Hypcon (hybrid-printed connector) is a precision-made connector designed to provide low loss electrical
and thermally-efficient connection between the printed circuit board and hybrid integrated circuits. An
exploded view of the Hypcon connector is shown in Figure 3-28. When replacing the hybrid IC's, be careful
not to touch the elastomer gold-plated contacts with your fingers, or to use a cleaner which will degrade
contact reliability. If it becomes necessary to use a cleaning solvent near the connector when replacing
adjacent (within 1/2") circuit board components, the Hypcon connector and hybrid IC should be removed.

IMPORTANT: Remove all traces of solder flux or foreign material contamination from the circuit board
contact area before replacing the connector. Contamination usually takes place during the

soldering and cleaning process. Even when the soldering is done carefully, flux, oil, or other contaminants can
be carried under the connector during the cleaning operation. When the solvent evaporates, nonconductive
contaminants may remain on or near the contact interfaces.

The cleaning process (either hand cleaning with a solvent or machine cleaning in an automatic detergent
wash) is not recommended for boards containing Hypcon connectors.

If a component near a Hypcon connector must be replaced, the following steps are recommended:
1. Remove the hybrid IC and Hypcon connector (see Disassembly and Removal Instructions) before any

soldering or cleaning and store in a dirt-free covered container. When several hybrids and Hypcon
connectors are to be removed, keep parts together and replace as sets; do not interchange parts.

2. Hand Soldering:
a. Use small diameter solder (0.030 inch-0.040 inch).
b. Use low wattage soldering irons (15-20 watts).
c¢.  Use care with solder and placement.

3.  Remove solder flux and contact contamination with isopropyl alcohol, denatured ethyl alcohol, or a
FREON TF cleaner such as SPRAY-ON #2002.

4.  Flush the hybrid and Hypcon connector mounting area with isopropyl alcohol. Do not scrub with a
cotton-tipped applicator, as cotton fibers will adhere to edges and surfaces of contact area and cause
open or intermittent connections. The elastomer should be examined under light for dust, hair, etc.,
before it is reinstalled. If the etched circuit board surfaces require more cleaning, scrub with a soft rubber
eraser and blow or vacuum clean while dusting the surface with a small clean brush.

5.  If the hybrid IC and elastomer contact holder are contaminated, clean by flushing or spraying with
alcohol and oven dry at 50° C. Do not scrub with a cotton-tipped applicator or similar device. If the
contact holder is excessively contaminated, replace it with a new one.
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EXPLODED VIEW OF HYPCON CONNECTOR
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Figure 3-28. Hypcon assembly removal and replacement.
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DISASSEMBLY AND REMOVAL

@ Notice index on circuit board (arrow) and plastic frame (pointed tab).
@ Unscrew and remove the 4 screw/washer assemblies.

@ Lift plastic frame from board.

@ Notice index location of hybrid and remave from circuit board with tweezers.

NOTE

Step 5 describes the removal of the elastomer from the plastic frame. This step is not
necessary when replacing only the hybrid.

Notice index location of elastomer contact holder and remove from plastic frame by grasping
corner with tweezers and lifting up. Do not touch the gold-plated contacts with your fingers.

REASSEMBLY AND REPLACEMENT

a. Grasp a corner of the elastomer with tweezers and place it into plastic frame. Align keyed corner
of elastomer with keyed corner of plastic frame. Tamp elastomer into plastic frame uniformly.

NOTE

Cleanliness is very important. Small hairs and elastomer flash under the contacts,
which are alimost invisible to the naked eye, will prevent good electrical contact. Most
apparent failures of the hybrid are actually due to contamination of the Hypcon. Do
not touch the gold-plated contacts with fingers.

b. Place the hybrid into the square hole in circuit board. The hybrid is keyed so that it will fit into
the circuit board in only one orientation. When the back of the hybrid rests on the heat sink ped-
estal, the top of the hybrid should be flush with the top of the circuit board.

c. Place the plastic frame with elastomer installed over hybrid such that key (pointed tab) align with
the corner arrow on the circuit board.

d. Insert mounting hardware and apply two inch-pounds of torque (2.3 cm-kg) to secure connec-
tor assembly. Do not overtighten. To do so will strip the microcircuit stiffener/heat sink mount-
ing threads.

7386-3288

Figure 3-28 (cont). Hypcon assembly removal and replacement.
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Tighten the Hypcon mounting screws to two inch-pounds of torque.

Make sure that the elastomer is properly seated in the contact holder before remounting the assembly to the
circuit board. Exercise care when mounting the frame—elastomer contact holder—hybrid IC assembly to the
circuit board to prevent misalignment between the connector and board.

CAUTION

Because of the close tolerances involved, special care must be taken to ensure correct index alignment of
each Hypcon part during reassembly. Failure to do so can crack the hybrid substrate. (See Figure 2-27
for index locations).

If your instrument contains both the flush and stepped type of Hypcon connectors, be careful not to mix the
elastomer contact holders during reassembly. Flush Hypcon connectors have green elastomer contact holders
and the plastic frame is marked FLUSH. Stepped Hypcons have neutral-colored elastomer contact holders
with a slight ridge or step on the contact surface, the large frames are marked STEPPED. The registration
pins on the stepped plastic frame are slightly longer than those on the flush frame. The elastomer contact
holder in the small stepped connectors is indexed differently than the large connectors. Look for a small gold
arrow in one corner of the holder instead of a flat corner. Match this corner arrow with the pointed corner of
the plastic frame. Give close attention to this indexing, because elastomer contact holders can easily be
inserted incorrectly.

Differences also exist between the large flush and the large stepped Hypcon circuit board receptacles. Figure
3-27 shows the cross-sectional differences which must be observed when working with an instrument that
contains both types of Hypcon connectors.

CAUTION

Damage to the elastomer contact holder can result if the connectors are not mated properly with the
board receptacle.

When replacing the hybrid, insert it into the board opening and then position the Hypcon connector in the
board registration holes for perfect alignment. The outer portion of the Hypcon frame should be flush with
the circuit board before the four mounting screws are tightened. Avoid touching the hybrid and elastomer
contact with your fingers; finger oils can degrade reliability.

A procedure for removal and replacement is included in Figure 3-27.

Hybrid Integrated Circuits

The A5 Acquisition board has a Hybrid IC (U1710). The IC is mounted to the inside of its heatsink cover. The
cover is oriented to the circuit board in two ways. First, two of the socket screws are offset. This allows the
cover to be reinstalled only one way. Second, one corner is flat rather than rounded as are the other corners.
This flat corner matches an etched design on the board.

To remove a Hybrid IC, proceed as follows:

1. Remove the four 1/4-inch retaining nuts from the heatsink cover.

2.  Lift the cover (and the IC) from its socket.
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CAUTION

Avoid touching the IC or the socket contacts with your fingers. Finger oils can degrade reliability.

Replace the Hybrid IC as follows:

1.

Orient the replacement IC to fit the socket. Align the flat corner of the cover to the flat corner etched
design on the circuit board.

Press the IC toward the board to feel the spring tension of the contacts. Move the cover around slightly
until the IC seats flush against its socket.

Hold the IC in place and install the four retaining nuts. Tighten them fingertight.

Use a torque wrench to tighten the nuts in a diagonal method only to 3-1/2 to 4 inch-pounds. Refer to the
following CAUTION for diagonal tightening instructions.

CAUTION
Do not tighten these nuts clockwise. That will crack the heatsink cover.
Instead, use the following diagonal method to tighten them: Begin at the lower-right nut and tighten
it. Go diagonally across the cover to the upper-left nut. Tighten it. Next, drop down to the lower-left
nut and tighten it. Then, go diagonally across the cover to the upper-right nut. Tighten it.

Diagonally check that all four nuts are tightened to the recommended torque. (See step 4.)
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Microcircuit Integrated Circuits

There are two microcircuit ICs on the A5 Acquisition board. They are the U1200 and U1220 Interpolators.
These microcircuit ICs have integral heatsinks. The IC is oriented to the circuit board in two ways. First,
three locator posts (inside the cover) bracket the IC. Two posts are at one end and the third at the other end.
Second, the cover has a flat-edged corner which matches with an etched design on the board.

To remove the microcircuit IC, proceed as follows:

1. Remove the four 1/4" retaining nuts from the cover.

2.  Lift the IC (and attached cover) from its socket.

CAUTION

Avoid touching the IC or the socket contacts with your fingers. Finger oils can degrade reliability.

Replace the microcircuit IC as follows:

1. Align the flat edge corner of the cover with the matching design on the board. This orients the IC
correctly.

2.  Check that the locator pins fit in their respective locations.
3. Press the IC toward the board to feel the spring tension of the contacts.
4. Hold the IC in place and install the four retaining nuts. Tighten them finger tight.

5. Tighten the nuts using a diagonal method only. See the following CAUTION for diagonal tightening
instructions.

a. Usea torque wrench to tighten the nuts to 3-1/2 to 4 inch-pounds.
CAUTION
Do not tighten these nuts clockwise. That will crack the heatsink cover.

Use a diagonal nut-tightening procedure. See the Hybrid Integrated Circuit Replacement procedure,
immediately preceding this part. (Follow the instructions in the CAUTION.)
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Chip Carrier ("Slam-Pack") Integrated Circuits

Several circuit boards have these ICs. They include the A5 Acquisition board, the A6 Time Base board, the
A7 Display Controller board, the A14 Input/Output board, the A17 Main Processor board, and the A18
Memory board.

Some Chip Carrier ICs have raised, ridged heatsink covers. Others may have flat covers. The IC is oriented
to its socket by a flat corner. The other corners are notched to fit the edges of the socket. (See Figure 3-27.)
The flat-edged corner of the IC aligns with a "spring" (small metal tab) at one corner of the socket.

To remove a Chip Carrier IC, proceed as follows:

1.  Hold the cover in place and unfasten the holding clip by pushing it aside. It may help to push down
slightly on the cover.

2. Remove the cover slowly to prevent the IC from falling out.
NOTE

Observe the index of the IC before removing it.

3. Remove the IC with tweezers.
CAUTION

Avoid touching the IC or the socket contacts with your fingers. Finger oils can degrade reliability.

Replace the Chip Carrier IC as follows:
1.  Using tweezers, put the flat edge of the replacement IC against its index spring.
CAUTION

Check that the spring in the corner does not get bent by the flat corner index, which may short the corner
two contacts.

2. Arrange the other corners with tweezers to fit evenly at the edges of the socket.
3.  Set the cover flat on the chip with the end tabs properly aligned with the mating recesses in the socket.

4. Push down on the cover, keeping it flat on the chip, and slide the cover into place. Hold it there while
moving the holding clip over the tabs on the opposite end of the cover.

5. Check that the cover is secure.
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Interconnecting Pins

Two methods of interconnection are used to electrically connect circuit boards with other boards and
components. When the interconnection is made with a coaxial cable, a special end-lead connector plugs into a
socket on the board. Other interconnections are made with a pin soldered into the board.

Two types of connectors are used for these interconnecting pins. If the connector is mounted on a plug-on board,
a special socket is soldered into the board. If the connector is on the end of a lead, an end-lead pin connector is
used which mates with the interconnecting pin. The following information provides the removal and
replacement procedure for the various types of interconnecting methods.

Coaxial-type End Lead Connectors (Peltolas)

Replacement of coaxial-type end-lead connectors requires special tools and techniques. Only experienced
maintenance personnel should attempt to remove or replace these connectors. We recommend that the
damaged cable or wiring harness be replaced as a unit. For cable or wiring harness part numbers, see the
Replaceable Mechanical Parts List. An alternative solution is to refer the replacement of the defective
connector to your local Tektronix Field Office or representative. Figure 3-29 gives an exploded view of a
coaxial end-lead connector assembly.

Color coding of wires may be helpful to connect a Peltola connector to its socket on a circuit board. The wire
insulation's color, or its colored stripe, is the same as the color represented by the last digit of the JXX
component number. (EXAMPLE: a green wire would connect to a J05 socket.)

Circuit Board Pins

Reéplacing circuit board pins on multilayer boards is not recommended. (All circuit boards in the 11401 are
multilayer boards.)

Circuit Board Pin Sockets

The pin sockets on the circuit boards are soldered to the back of the board. To remove or replace one of these
sockets, first unsolder the pin (use an anti-static vacuum-type desoldering tool to remove excess solder). Then
straighten the tabs on the socket and remove the socket from the board. Place the new socket in the circuit
board hole and press the tabs down against the board. Solder the tabs of the socket to the circuit board; be
careful not to get solder inside the socket.

CAUTION
The spring tension of the pin sockets ensures a good connection between the circuit board and the pin.

This spring tension can be destroyed by using the pin sockets as a connecting point for spring-loaded probe
tips, alligator clips, elc.
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Figure 3-29. Coaxial end-lead connector assembly.
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Multi-Pin Connectors

The pin connectors used to connect the wires to the interconnecting pins are clamped to the ends of the
associated leads.

Some of the pin connectors are grouped together and mounted in a plastic holder. The overall result is that
these connectors are installed and removed as a multi-pin connector. If the individual end-lead pin connectors
are removed from the plastic holder, note the order of the individual wires for correct replacement into the
holder.

To remove or replace damaged multi-pin connectors, remove the old pin connector from the end of the lead and
clamp the replacement connector to the lead.

Arrangement of Pins in Multi-Pin Connectors

Pin 1 on multi-pin connectors is designated with a triangle (or arrowhead). A triangle, dot, or square printed
on circuit boards denotes pin 1. When a connection is made to a circuit board, the orientation of the triangle on
the multi-pin holder is determined by the index (triangle, dot or square) printed on the circuit board. (See
Fig. 3-30.) Most circuit-board, mounted connectors have a triangle index mark.

NOTE

Some multi-pin connectors are keyed by a gap between the pin 1 and 3 positions in the holder. (A small
plastic plug covers the pin 2 position on the end of the holder.) There is a corresponding gap between
pins 1 and 3 on the circuit board.

Align the gap in the multi-pin holder with the gap between the circuit board pins. The connector is then
ready to be installed.

Many of the larger, gray-colored, multi-pin ribbon connectors have a red line along one side of their attached
wire cables. This red line indicates the location of pin 1 and 2 or the location of the triangle index mark.

Some of the gray-colored ribbon cables may have the number of their connectors stamped on them.

The ribbon connectors have two functions. The first is to provide a strain release for the wire connections. The
wire ribbon is wrapped around a bar in between the wire connections and the top of the connector. Strain is
then felt between the wires and the top of the connector. This releases most of the strain which would
otherwise be felt on the wire connections.

The second function on most of the ribbon connectors is to provide a pull-tab to ease disconnection. A white-
colored pull-tab is attached inside the connector. When the tab is pulled, even pressure is applied across the
connector. The connector separates from its holder easily.
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Figure 3-30. Orientation of multi-pin connectors.
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NOTE

To remove these gray-colored ribbon connectors, grasp the white pull-tab (fastened into the connector, if
there) and pull it loose from the holder.

If there isn’t a white pull-tab present in the connector, grasp the ends of the connector instead. Pull it
straight out from the connector socket.

If a ribbon connector is found with an open or shorted wire, individual wires cannot be removed or
replaced. The ribbon connector and cable must be replaced as a unit.

Plug-in Interface Connectors
If connectors or contacts are damaged, we recommend replacing the entire A1 Plug-In Interface board. See the
"A1 Plug-In Interface board Removal" proceedure that is located in the "Circuit Board Removal” part of this

section. An alternate solution is to have your local Tektronix Field Office repair or replace the damaged Al
Plug-In Interface board.

Power Transformer

Replace the power transformer only with a direct replacement Tektronix transformer. Remove and replace
the power transformer as follows:

1.  Remove the A2A2 Control Rectifier board as described under Circuit Board Removal in this section.
NOTE

Record the position of the transformer leads so they may be correctly replaced.

2. Unsolder the transformer leads from the A2A2 Control Rectifier board. Remove any excess solder from
the circuit-board pads (see Soldering Techniques, in this section).

3.  Remove the transformer.

4. Place the new transformer in position and solder the leads to the A2A2 Control Rectifier circuit-board
pads.

5. Replace the A2A2 Control Rectifier in the power supply as described under Circuit Board Removal in
this section.
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Line Fuse

The Line fuse used in the 11401/11402 is located on the rear panel of the power supply. Replace the line fuse
(F99) with one of proper type and rating.

NOTE

Line voltage fuse F99 is used for both 115 and 230 V operation. No change in the fuse is necessary when
switching the LINE VOLTAGE SELECTOR switch between 115 V and 230 V.
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TABLE 3-3

Adjustments Required after Circuit Board or Module Replacement

Circuit Board No Adjustments Information
or Adjustment Required
Module Replaced Required
A1 Plug-In Interface 4
A2A1 Line Inverter +5 V Ref (A3R800)
Reg Ref (A4R830)
A2A2 Control Rectifier +5 V Ref (A3R800)
Reg Ref (A4R830)
A4 Regulator Reg Ref (A4R830)
A5 Acquisition Offset (A5R1576)
Gain (ABR1582)
A6 Time Base* v
A7 Display Controller* v
A8 Crt Driver Main Brite (A8R202)
Horiz Hold (A8R620)
Vert Hold (A8R530)
Vert Pos (A8R520)
Vert Size (A81.120)
Horiz Lin (A8R541)
Horiz Size (A8R621)
H