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Section 3—2440 Service

THEORY OF OPERATION

SECTION ORGANIZATION

This section of the manual is divided into three subsec-
tions, with each subsection increasing in detail. The first
subsection is the *Simplified Block Diagram Description”
which contains a general summary of instrument operation
by diagram. A simplified block diagram accompanies the
text. Subsection two Is the “Detalled Block Diagram
Description” which discusses the circuit functions in
greater detail and provides a more in-depth look at the
acquisition system. A detailed block diagram is located in
the foldout pages at the rear of this manual. Generally,
both block diagram descriptions follow the signal-flow path

- as much as possible and not the schematic diagram

number order as is done in the “Detailed

Circult Description”.

Subsection three is the "Detailed GCircuit Description”
which discusses the circuitry shown in the schematic
diagram foldouts, also located at the rear of this manual.
The schematic diagram number associated with each
description is identified in the text and is shown on the
block diagrams. For best understanding of the circuit being
described, refer to the appropriate schematic diagram and
the block diagrams. The order of discussion in the cireuit
descriptions follows the schematic diagram number order.

INTEGRATED CIRCUIT
DESCRIPTIONS

Digital logic circuits perform most of the functions
within the instrument. Functions and operation of the logic
circuits are shown using logic symbols and terms. Most
logic functions are described using the positive-logic con-
vention. Positive logic is a notation system in which the
more positive of the two logic levels is the HI (or 1) state;
the more negative level is the LO {or 0} state. Voltages
that constitute a HI or a LO state vary between specific
devices. Refer 1o the device manufacturer's data book for
specific electrical characteristics or logical operation of
common parts.

The functioning of linear integrated circuit devices in
this section is discussed using waveforms or other tech-
niques such as voltage measurements and simplified
diagrams, where required, to illustrate their operation.
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SIMPLIFIED BLOCK DIAGRAM DESCRIPTION

This discussion is of the block diagram shown in
Figure 3-1.

Attenuators and Preamplifiers (diagram 9)

ATTENUATORS. The Attenuators are seftable to 1X,
10X, or 100X attenuation, to reduce the input signai level
te within the dynamic range of the Preampiifiers. Input
coupling for the sigrial to the Attenuators may be either
AC or DC with 1 MQ termination or DC with 50 0 termina-

tion. Atfenuator.and. ...coupling_-swiftching=are=-—controlled*-by -

the System pP using register-activated magnetic-latch
switches. ' : :

PREAMPLIFIERS. The Preamplifiers provide switchable
gain setting and buffering of the attenuated fnput signal.
Single-ended input signals are converted to double-ended
{differential) output signals. Variable Vertical Mode gain,
vertical position, and DC Balance are controlied by input
signals to the Preampiifiers. The System pP-controlled
gain in combination with the switchable attenuator settings
allow the complete range of available VOLTS/DIV switch
settings from 2 mV to 5 V to be obtained. Trigger pickoffs
provide a sample of the input signal to the trigger system
for use as a triggering signal source. With the Video
Option instailed, a2 Channel 2 pickoff signal Is suppiied
from the Preamplifiers as g trigger signal source. Also, a
Channel 2 Offset signal used to control the back-porch
clamping is provided from the Video Option to the Chan-
nel 2 Preampiifier.

Peak Detectors and CCD/Clock Drivers
{diagram 10)

PEAK DETECTORS. Additional buffering of the signal
to the CCDs Is provided by the Peak Detectors for ail
acquisition modes. The bandwidth of the input amplifiers of
the Peak Detectors is switchable for FULL, 100 MHz, and
20 MHz bandwidths. In Envelope acquisition mode, dual
min-max Peak Detectors detect and hold the minimum and
maximum peak signal amplitudes that occur between sam-
pling clocks. Those min and max signal values are then
applied to the CCDs for sampling. Control data from the
System uP contrals the bandwidth selection, and peak
detector clock signals multiplex the sighal samples from
the Peak Detectors to the CCDs. A calibration signal input
- I8 provided to the Peak Detectors for use in automatic
calibratfon and diagnostic testing of the acquisition system.

3-2

Common-mode adjust circuitry on the output of the
Peak Detectors is used to control the overall gain of the
Peak Detector/CCD acquisition subsystem. Using digital
signals to the DAC system, analog voltages are generated
that set the gain of the Common-mode adjust amplifiers.
These amplifiers monitor the dec common-mode level of the
Peak Detector outputs and match it to the control gain
level set by the System uP. That dc level sets the CCD
signal gain.

* CCD/CLOCK DRIVERS. The CCDs are fast analog shift
registers that can hold more that enough samples to fill
the complete waveform. record of 1024 samples per chan-
nel. The extra samples are used to account for the uncer-
tainty of the trigger point location in the 32 samples stored
in the input register. Once a trigger occurs, the samples
not needed to fill the waveform records are basically dis-
carded. For fast signals, waveform samples are stored
very rapidly and then shifted out at a rate that can be han-
died by the A/D Converter. When the sample rate is slow
enough to allow direct conversion of the input samples, a
Short Pipeline mode is used to shift samples directly
through the CCD registers. The Clock Driver portion of the
devices produces the phase clocks that shift the analog
data through the CCD registers. Other clocks used to
sample the signal and transfer the samples-into and out of
the CCD arrays are generated in the CCD Clock and Sys-
tem Clock circuits {diagrams 11 and 7 respectively),

CCD Output (diagram 14}

The differential signals from the four sides of both
channels of the CCD arrays are combined and multiplexed
onto a single data line to the A/D Converter. The output
clocking is referenced to the sample and phase clocks to
maintain the corract data timing relationships of the
samples. Waveform data samples are therefore stored in
the correct Acquisition Memory locations after being
digitized. '

A/D Converter and Acquisition Latches
(diagram 15) '

A/D CONVERTER. The combined samples of analog
signals are converted to eight-bit data bytes by the A/D
Converter. In Envelope Mode, the data bytes are applied
to two magnitude comparators, along with the previous
maximum and minimum data bytes to determine if it is
greater in magnitude than the last maximum or minimurm.
If a new data byte is greater, the new data byte is latched
into the Acquisition Latches: otherwise, latching does not
occur. Clocking to direct the signals into the Acquisition
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Figure 3-1. Simplified block diagram.
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Latches comes from the System Clock circuit and is refer- '
enced to the Qutput Ciocks to maintain the correct data -
input to the magnitude comparators for _making the

Envelope min-max comparisons.

ACQUISITION LATCHES. For Normal and: Average
acquisitions, the data bytes are passed directly through
the Acquisition Latches to'the Acquisition Memory where
they are stored temporarily before transfer to Waveform
Processor Data Bus and the Waveform Processor Save
Memory. The Envelope acquisition Waveform bytes in the
Acquisition Latches are the maximum and minimum data
peint values that occurred in the sampling interval. When

the SEC/DIV setting reaches the maximum sampling rate,

only one min-max pair is present during & sampling inter-
val; and, in that case, the Envelope data byte comparisons
are done by a firmware routine as the data is transferred

from the Save Memory to thé_.,Displa%.Memory.- R

Time Base Controller and Acquisition Memory

(diagram 8)

ACQUISITION MEMORY. ‘Digitized waveform data
bytes are transferred from the Acquisition Latches to the
Acquisition Memory under control of the Time Base Con-

troller. The data is temporarily stored here before moving

1o the Waveform Processor Save Memory under contro! of
the Waveform Processor.

TIME BASE CONTROLLER. The Time Base Controller,
under direction of the System P, monitors and controls
the acquisition functions, When the pretrigger samples are
obtained, the digitization process is started. Samples are
counted to store the correct number in the Acquisition
Memory, and the trigger point is properly located in the
waveform record. Among the various tasks done by the
Time Base Controller, Clock signals generated by the Time
Base Controller provide the acquisition rate, the calibrator
frequency, and enable the Trigger circuitry to accept a
trigger after the pretrigger data is acquired.

Waveform Processor (diagram 2)

The Waveform Processor performs the high-speed -
~ data-handling operations required to produce and update

the CRT displays. Waveform data is transferred from the
Acquisition Memery to a “Save” Memory in'the Waveform
P work space. Waveforms may be digitally added, muft-
plied, or averaged, as part of the display processing that
the Waveform Processor does before transferring the data
to the Display Memory. The Save Memory is kept alive
during periods of power-off by the battery-backup system.
This back-up system holds the Save waveforms, the refer-
ence waveforms and/for front-panel setups for up to three
years, The waveform xP memory space and all devices on
the Waveform uP address bus are addressable by the
System uP via the Bus Connect cireuitry  for
I/O operations.

The,,'BusCor':'nec-:t circuitry includes  logic gafﬁhg that

' arbitrates .when the Waveform P memory space (RAM)
- @nd addressabie devices are under control of the Systern

#P. The System P may gain control by a BUS REQUEST
to which the Waveform uP issles a BUS GRANT signal;
or if the Waveform nP is held reset, the System uP issues
a BUSTAKE signal. The BUSTAKE is used when the Sys-
tem uP writes a waveform display task fist into the
Waveform uP Command RAM space. When the reset is
then removed from the Waveform  «P; it does all the
waveform data processing tasks given to it to do by the
System uP without further need of System uP action.

Display and Attributes Memory (diagram 16)

The 512 data points to be displayed out of the 1024
data-point record are transferred to the Display Memory

_from the Waveform uP. Save Memory. after -any required

processing such as adding, subtracting, multiplying, or
intérpolating is done. Subsequent refreshes of the display
are then continually made from data stored i the Display
Memory, and that memory is only updated as necessary

to display different waveforms or partions of the waveform-

record (a new horizontal positicn or new waveform called
up for display). The Attributes Memory holds all the
VOLTS/DIV and SEC/DIV scale factors for each of the
waveforms displayed. Readouts 'of that data are also
displayed on the crt.

Display Controller (diagram 17)

The Display Control System controls the display of the
waveforms and readouts. Data bytes stored in the Display
Memory are read out and D-to-A converted into vertical
and horizontal current . signals used to generate the
waveform dots and readout characters. State-machine
circuitry under control of the System uP performs all the
display tasks assigned including control of the Z-Axis. The
Systern P and the Waveform uP are therefore free to
carry on with other functions until it becomes necessary to
make a display change (stich as a menu or dispfay mode
change or a waveform data update). Display state-machine
clocks are generated from the Time Base Contraller
5 MHz clock signal.

'biSplay Outiput (diagram 18)

Horizontal and vertical signal current from the Display
Controiler are converted into the deflection voltage signals
used to drive the crt deflection plates by the Display Out-
put circuitry. Vector generation circultry provides a choice
of either connected waveform dots {vectors on) or a dots-
only waveform display. Display switching circuitry connects
the correct deflection signals to the vertical and horizontal
output amplifier for YT {vertical signal versls time), XY
(horizontal signal versus versus vertical signal), or readout
data. Dynamic offset correction of the vertical and horizon-
tal output amplifiers is provided that minimizes trace shift
due to intensity changes.

s
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System Processor (diagram 1)

The System uP, under program direction, controls all
the functions of the scope and coordinates the functions of
the two other micraprocessors {the Front-Panel ¢P and the
Waveform uP). The System uP has a 16-bit address bus
and a separate 8-bit data bus. No multiplexing of the data
bus is required. Addresses are decoded to access the
memory-mapped devices on the data bus, and control sig-
nals generated by the System uP control communication
between the uP and the bus devices. An extensive inter-
rupt circuit enables devices on the bus to request servicing
when necessary to get new instructions or take other
action. A power-up reset circuit permits an orderly power-
on and power-off sequence of the System pP.

Permanent programming used to control the Operating
System resides in the System ROM. The System ROM
contains one 16K byte X B8-bit memory device and four
64K byte x B-bit memory devices for a total of 272K
bytes of memory. A page-switching scheme is used to per-
mit the System pP to access all the available memory
addresses of ROM.

System RAM consists of a single 32K byte X B8-bit
memory device. Data needing short-term storage (data
used for performing various contro! functions) as well as
data needing long-term storage (calibration constants, the
front-pane! setup at power down, etc.) are stored in this
nonvolatile RAM. A battery-backup system maintains the
data in this memory during power off.

NOTE

Although all the data in this memory device Is
backed up and is, therefore, nonvolatile, that part of
the System RAM reserved for data that NEEDS to
be backed up is referred o as NVRAM throughout
this section. Parts of System RAM that do NOT
NEED backing up are referred to as volatite RAM or
just RAM.

Eront Panel Processor (diagram 3)

The Front Panel pP is a special-purpose device used to
respond to switch and control changes. When a control
changes, the Front panel pP informs the System uP sO
that the operating state may be altered to match the
requested change. Potentiometer controls are digitized to
provide the necessary change data to the System wxP. The
System uP nctes the conirol that changed, the amount
and direction of change (if a pot), and sends out the
necessary commands tc make the change. New settings
are updated in the nonvolatile RAM so that they will be
available in the event of a power-off, On a power-on, the
Front-Panel pP receives instructions as to how the
switches are to be interpreted and then begins scanning
the front panel, watching for a control to change. The Sys-
tem uP is then free to carry on with other functions.

Theory of Operation—2440 Service

Front Panel (diagram 4) and Auxiliary Front Panel
(diagram 6)

All the buttons and knobs of the Front Panel and Auxili-
ary Front Panel are "soft" controls and do not directly
activate a circuit function. This fact allows the switch func-
tions and menu labels to be changed (especially the bezel
buttons of the Auxiliary Front Panel which are used to
make menu selections) as necessary. Buttons may be
defined by the System uP to be push-push on-off, momen-
tary contact, continuous, of toggle switches. Control
changes are monitored by the Front Panel pP. Potentiome-
ter controls are digitized; and when a change occurs, the
amount and direction of change is sent to the System pP
to make the appropriate operational changes. Push but-
tons that are pressed are interpreted as to what type of
switch action occurred (from the switch-type definition list)
and that information is sent to the System P to make the
appropriate operational changes.

All the buttons and knobs located to the right of the crt
{facing the scope) are monitored via circuitry of the Front
panel. The Auxilary Front Panel contains the circuitry
required to monitor the bezel buttons (menu selection but-
tons), the push buttons, and the INTENSITY knob (all
located directly beneath the crt). Probe coding for the
vertical-channel and external-trigger BNC connectors and
the 50 @ overioad circuits for CH 1 and CH 2 are also
monitored via the Auxiliary Front Panel circuitry.

System DAC (diagrams 5 and 6)

The System DAC is used in normal operation to set the
various analog control voltages throughout the instrument.
Such things as preamplifier gain, vertical position and
centering, trigger levels, holdoff time, common-mode
adjust, scale ilumination, intensity of the various CRT
displays, and CCD positions offsets are all controlied by
the System wP via the System DAC. Digital values
representing the analog voltage levels required for the
various controls are written to the digital-to-analog con-
verter (DAC) input registers where they are converted to
analog voltage levels at the inputs to the Sample-and-Hold
gircuits. The Sample-and-Hold cireuits maintain a fixed out-
put voltage to the controlled circuit between updates by
the Systemn uP.

For calibration and diagnostic purposes, the System
DAC is used to send known voltage levels to various
circuits. Those levels may then be adjusted to remove
offsets and set gain levels to achieve analog calibration or
to test the gains and offsets for diagnostic purposes.

Acquisition Control Registers (diagram 5)

The Acquisition Control Registers are the digital control
interface between the System P and the switchable
acquisition circuitry. Switching data is written to the
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Registers to. control the setup of the Peak Datectors, the
A/B Trigger Generator, the Trigger Logic Array, and the
Phase Clock Array. Additional decoding circuitry produces
clocking signals used to load controiling data into Attenua-
tor Register, the CHY and CH2 Preampiifiers, and the A/B
Trigger Generator.

Triggers and CCD Clocks (diagram 11)

TRIGGERS. The Trigger circuits detect when a trigger
meeting the setup conditions cccurs, Triggering signals are
selectable by the A/B Trigger Generator from a choice of
the following sources: CH 1, CH 2, EXT 1, EXT 2, and
LINE. The Trigger Logic Array makes possible the further
choices of TV Trigger (TVTG), WORD Trigger (WDTTL), or
A and B Trigger. Upon receiving’ a valid trigger, the
acquisition in progress is alowed to complete. . Condjtions

for triggering, such as Level, Slope,” Coupling, and Mode,. ..

are “determingd by the 'A7E "Trigger Generator. Other
triggering conditions such as delay by time, delay by
events, and A and B Trigger are decided by the Trigger
Lagic Array which produces the output gates signaling -a
trigger event. The System uP sets up the operating modes
for the A/B Trigger Generator and the Trigger Logic Array
via the Acquisition Control Registers (diagram 5). Control
signals to the Jitter Correction Ramps (RAMP and RAMPF)
are generated by the Trigger Logic Array to-start measur
‘ing the time between the sample clock and the trigger
event. That time difference is used to correctly piace the
samples when repetitive sampling is used.

CCD CLOCKS. The CCD Clocks (used to move data
into and out of the CCDs), the Peak Detector Clocks, the
ramp-switching signals to the Jitter Correction Ramp
cireuits, and the trigger focation bits {needed to place the
trigger position with respect 1o the waveform data) are ali
generated by the Phase Clock Array. A master clock sig-
nal of 500 MHz is generated by the Phase-Locked Loop
circuit and voltage-controlled oscillator. The master clock
frequency needed Is determined by the sampling rate at a
particular SEC/DIV switch setting. Frequency dividers in
the Phase Clock Array reduce the master clock frequency
to the lower rates of the output clocks as determined by
the System P via the Acquisition Control Registers
(diagram 5),

Jitter Correction Ramps (diagram 12)

The Jitter Corrections Ramps work in conjunction with
the Jitter’ Counters to detect and measure the time
difference between a trigger event (that occurs randomly)
and the sample clock. That time differance is used to
correctly place sampled data points into the waveform
record when those samples are acquired on different
triggers (repetitive sampiing). Two ramp generators are
- used, so two time measurements are made. The System
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#P will determine which measurement is the one actually
used. The RAMP and RAMP signals from the Trigger cir-
cuits contrel the start and stop of the ramp signals while
the SLRMP1 and . SLRMP2 signals control . switching
between the fast-charging current source and slow.
discharging current source. Since the SLRMP -signals are
related to the sample clock, the amount of charge stored
from.the fast-charging current source before switching to
the slow ramp occurs is a measure of the time difierence
between -the trigger and the sample clock. The Jitter
Counters start counting when the SLRMP signal switches
to the slow ramp, and they are stopped when a
Comparator circuit determines that the ramp level has
discharged fo a fixed reference level. .

Trigger Holdoff and Jitter Counters (diagram 13)

-..-TRIGGER--HOLDOFF: - Fhe- A - Trigger- Hotdoff gircuit
prevents the A/B Trigger Generator {diagram 11) from
recognizing a new trigger event for a certain amount of
delay time. after an acquisition has been completed. The
delay allows all of the data handling of the acquired sam-
ples to be completed before starting a new waveform
acquisition. Minimum holdoff time is dictated by the
SEC/DIV switch setting. A front-panel HOLDOFF control
permits the user to increase the holdoff time.as an. aid in
improving triggering stability on certain signals,

JITTER COUNTERS. The Jitter Counters (one for
RAMP1 and one for RAMP2) start counting the 40 MHz
clock when a START signal is received from the Jitter
Counter Ramps switching circuit. That start occurs at the
beginning of the slow ramp discharge. When the level of
the slow ramp decreases to the fixed reference level, a
STOP signal generated by a comparator in the Jitter
Counter Ramps circuit halts the count. The 8-bit count
bytes held in the Jitter Counters are then read by the Sys-
tem uP via address-selected bus buffers as two measures
of the time difference between the trigger point and the
sample clock, Since the timing between the two ramps is
hot identical (but both times are referenced), one
measurement may have been made with better slope
characteristics than the other (over a more linear portion
of the discharge curve). The count producing the least
ambiguity is used by the System uP to correctly position
the waveform sampies in the memory when repetitive
sampling is done. :

Calibrator (diagram 13)

The Callbrator circuitry shapes the CALCLK signal from
the Time Base Controller to produce a signal with a faster
rise and fall time and very precise amplitude. Frequency of
the Calibrator signals changes (within limits) as the
SEC/DIV switch changes. Signal amplitude is 400 mv
(starting from zero}, and the effective output impedance
is 50 9.



System Clocks (diagram 7

The System Clocks circuitry  produces the fixed-
frequency clock signals used throughout the scope. A
40 MHz crystal-controlied oscillator circuit produces the
master clock signal that is divided down to provide the
various system clocks that are needed. Some of the
special clocks generated are the CCD Data Clocks, used
primarily to switch the analog signal samples from the
CCDs to the input of the A/D Converter and switch the
converted data bytes to the Acquisition Latches. The refer-
ence frequency (10 MHz) to the Phase Clock Array in the
CCD Clock circuitry (diagram 11) is also selected by the
System Clocks cirouitry. A Secondary Clock Generator
state-rachine circuit produces three clocking signals to
the Waveform uP to control the activity of that device.

High Voltage and CRT (diagram 19)

The High Voltage and CRT circuitry provides the auxili-
ary voltages needed by the CRT to produce a display.
Focus, intensity, trace rotation, astigmatism, geometry, Y-
Axis alignment, heater, and cathode-to-anode accelerating
voltage are all provided by the various circuits included.
These circuits are: the High Voltage Oscillator, the High
Voltage Regulator, the +81V Supply, the Cathode Sup-
ply, the Anode Multiplier, the DC Restorer, the Focus and
Z-Axis Amplifiers, the Auto Focus Buffer, and the various
crt adjustment potentiometers.

System /O (diagram 20)

The System /O circuits provide the interfaces between
the scope and external devices that may be connected.
Included in the interfaces is a standard general-purpose
interface bus (GPIB) that permits two-way communication
between the System pP and a GPIB controller or other
|EEE 488-1980 compatible GPIB devices. The GPIB inter-
face permits waveforms, front-pane! setups, and other
commands of messages to be both sent and received by
the scope.

A second interface is the Word Trigger circuitry used to
control the word recognization patterns of the optional
Word Recognizer probe. “All firmware and hardware
(including connectors) required for use of the Word Recog-
nizer probe is supplied as standard equipment. A trigger
produced by the probe (WDTTL) may be internally selected
to trigger the scope, and it may be supplied to an external
device via the WORD TRIG OUT connector on the rear
paneal.

Theory of Operation—2440 Service

Three BNC connectors comprise a third interface which
is used to help control the AutoStep Sequencer.
SEQUENGE IN is an input that accepts TTL-compatible
signals for starting a sequence and stepping a paused
sequence. SEQUENCE OUT is an output that issues a
TTL-compatible signal upon the completion of a sequence.
STEP COMPLETE Issues a TTL-compatible signal to indi-
cate when a step in sequence is complete.

Probe power connectors are an option for supplying the
power requirement of active Tektronix probes. The option
consists of two probe power connectors installed on the
rear panel of the scope.

An audible alarm bell is provided to give the user warn-
ing of events that may require attention. GPIB errors are
typical events that produce the warning bell so that.a user
may take notice of the error event. Another instance that
causes the warning bell is an attempted callup of an
invalid operating condition from either the front panel or
the GPIB. Typically, warning and etror messages are also
displayed on the crt to aid the user in determining the
nature of the problem.

Video Option (diagram 21)

The Video Option (Option 05) consists of additional .
installed hardware that enhances triggering on and viewing
of composite video signals. Option 05 circuitry contains
hoth Video Processing and Trigger Generation circuitry.
Video Processing stabilizes the Input signal and separates
the video sync signals (horizontal and vertical sync pulses)
from the video signal. A wide range of video signal levels
are accommodated by using automatic gain control of the

amplifier that sets the level into the sync separator.

Separated sync pulses are counted to permit the user to
select the line number that will produce a trigger event.
Back-porch clamping is available for the Channel 2 display,
and when used, it removes or reduces the level of power-
supply hum that may be accompanying the composite
video signal display.

Low Voltage Power Supply (diagram 22)

The majority of the low voltages required to power the
scope are produced by a high-efficiency, switching power
supply. Input ac power of either 115 V or 230 V within the
frequency range of 48 Hz to 400 Hz is rectified and used
to drive a switching circuit at a frequency of about 50 kHz.
A smaller power transformer is possible with the higher
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frequency switching, and ‘much more efficient power
transfer is possible. Reguiation of the power to the switch-
ing transformer is controlled by & pulse-widih modulator
(PWM) using - feedback from one of the rectifier
transformer outputs. The PWM controls the on-time of the
switching transistors that deliver energy to the transformer
primary winding. " If the feedback voltage is oo low, more
energy is supplied by turring-on the switching ‘ transistors
longer. Automatic overvoltage and overcurrent sensing cir-
cuits shut down the switching if elther type of overload
accurs. The ac input has an interference filter, primary line
fusing, and a thermal cutout that shuts down the power
supply in the event of overheating. o

Low Voltage Regulators (diagram 23)

The Low Voltage Regulators remove ac noise. and rip-
ple from the rectified output voltages from. _the - power
transformer. Each regulator automatically current limits, the
output and prevents the current from exceeding the nor-
mal power. limits. This limiting prevents further possible
damage to the power supply-or other scope circuitry. Each
of the power supply regulators contrals its output voltage
level by comparing the output to a known voltage refer-
ence level. To maintain stable and well-regulated output
voltages, highly stable reference voltages are developed
for making the comparisons.

DETAILED BLOCK DIAGRAM DESCRIPTION

INTRODUCTION

This description of the Detailed Block Diagram (found in
the “Diagrams” section of this manual) provides an over-
view of the operation of many of the circuits and their
functions. The emphasis is on the acquisition system, and
a "signal flow™ approach is used as much as possible. No
attempt is made in this discussion to specifically cover all
the circuitry shown on the block diagram, though most is
covered in general as it relates to those areas described in
detail. The components discussed for each schematic
diagram are generally outlined in functional blocks on their
corresponding schematic diagram. These “function blocks™
also appear on the *Detailed Blogk Diagram”. within out-
lined areas that correspond to the schematic diagrams,
Refer. to both the Detailed Block Diagram and the
Schematic Diagrams as needed while reading the
following description.

INPUT SIGNAL CONDITIONING
AND ANALOG SAMPLING

Signals applied to the CH 1 and CH 2 input connectors
are coupled to their respective attenuators. The CH 1 and
CH 2 attenuators (diagram 9) are settable for 1 X, 10X, and
100X attenuation, with input-coupling mode choices of AC,
DC, and GND. Input termination resistarice of either 1 MQ
or 50 @ is selectable with the DC input coupling choice.
The attenuation factor, input coupling mode, and input ter-
mination settings for each input are controlled by the Sys-
tem P (diagram 1) through the Attenuator Control Regis-
- ter (diagram 9), based on the Front Panel control settings
chosen by the user.
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The attenuated CH 1 and .CH 2 signals are buifered by
their - respective' Preamps (diagram 9) before they are
passed on to the Peak Detectors. Preamplifier gain is con-
trolled by the System P using a serial control-data line via
the Miscellaneous Register {diagram 1) and the DAC MUX
{digital-to-analog converter multiplexer) Select circuit.
Serial data is clocked into the internal register of the
Preamps via the Control Register Clock Decader
{diagram 5). As with the attenuator settings, the gain-
setting data output by the System uP depends on the
user-selected Front Panel controf settings. The range of
attenuation settings coupled with the gain-control settings
of the Preamps allows the complete range of available
VOLTS/DIV switch settings (from 2mvV to 5 V) to be
obtained. ‘ ' ‘

In addition to signa! gain and input signal buffering, the
Preamps convert the singlé-ended input signal to a
double-ended differential outplt signal that improves the
common-mode rejection ratio. Input ports used to control
the DC Balange, the Variable VOLTS/DIV gain, and the
Vertical Position are provided in the Preamp stages. Ana-
log control voltages to these inputs are developed by the
System DAC and routed to the Preamps via the DAC
MUX/0 Sample-and-Hold circuit (diagram 5). Trigger pickoff
circuits in each Preamp provide a sample of the vertical
signal that may be selected by the Trigger circuitry as the
trigger signal source.

The differential output signals from the Preamps are
applied to thelr corresponding Peak Detector. Input
amplifiers within the CH 1 and CH 2 Peak Detectors
(diagram 10) buffer the applied signals and provide a con-
stant input resistance of about 75 © to those signais. The



buffered signals are then either amplified further or "peak
detected” and amplified, depending on the acquisition
mode setting.

The System gP conirols the cperating mode of the
Peak Detectors via control data writes to the Acquisition
Control Registers (diagram 5). Scme of the resulting digital
outputs drive control inputs on the Peak Detectors, while
others contro! the enabiing and disabling of the Peak
Detector clock signais from the CCD (charge-coupled
device) Phase Clock Generator (diagram 11). The effect of
this combined action depends on the acquisition mode
selected. For NORMAL and AVG (average) acquisition
modes, the peak-detect function of the Peak Detectors is
disabled and the input signals are only amplified for appli-
cation to the CCDs. Far ENVELOPE mode, however, the
peak-detect portion of the internal circuitry is enabled, and
the maximum and minimum signal amplitude levels that
oceur during a sampling interval are detected, Those max-
imum and minimum values are then amplified and passed
on to the CCDs.

Other inputs to the Peak Detectors control the input
amplifier Bandwidth Limit setting (FULL, 100 MHz, or
20 MHz) and provide for the application of the calibration
signal used for insirument calibration and self diagnostics.
Calibration voltage levels applied to the Peak Detectors
are generated by the System uP via the System DAC
(diagram 5), DAC MUX3, and the Cal Ampl circuit
(diagram 6). The System uP selects between either the
normal signal inputs or the calibration signal inputs using
data written to the Acquisition Control Registers. The
bandwidth of the input amplifiers of the Peak Detectors is
also conirolled via the Acquisition Control Registers, based
on the user-selected Bandwidth Limit setting.

The signal-sampling process of CCDs (diagram 10}
reguires that four differential-signal pairs be available from
each Peak Detector. Each CCD will use two or four of the
output pairs as Input signals, depending on the analog
sampling mode. Briefly, the FISO sampling mode (fast-in,
slow-out) requires 1088 samples to be shifted into each
CCD. Clocking is such that each of the four sides of the
CCD receives one-quarter of the required samples (272)
on one of four synchronized clocks of the same frequency
(62.5 MHz) but different phase {(each lags its predecessor
by 90 degrees). The first pair of differential outputs are
shifted into a pair of internal registers in one side of the
CCD. Each of three remaining pairs of differential output
signals is identical fo the first pair, and each pair is shifted
into two registers corresponding 1o its CCD side. Since, as
mentioned, each CCD side is clocked at §2.5 MHz, but
recelves its samples on clocks (90 degrees) out-of-phase,
a maximum sampling rate of 250 megasamples per
second is produced using only a 16 ns clocking rate. A

second sampiing method, called the “Short-Pipeline”

mode, uses only two sides of each CCD and samples only
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two of the output signal pairs from the Peak Detectors.
FISO and Short-Pipeline analog sampling modes are both
discussed later in this description and in the ""Time Base
Controlier and Acguisition Memory' portion of the Detailed
Circuit Description.

The Common-Maode Adjust circuits (US40A, B, C, and
D, and associated components) vary, under control of the
System uP, the common-mode voltage levels at the output
of the Peak Detectors. These voltages are adjusted at
instrument calibration to cptimize CCD operation.

The common-mode adjusted signal pairs {two per Peak
Detector) are applied to their corresponding side of the
CCDs. There, they are analog sampled. The process con-
sists of converting the analog voitages into individual,
charged '‘packets” having a charge directly related to the
yoltage amplitude of the signal sample.

At SEC/DIV settings of 50 ps and faster, the signals
are sampled at a faster rate than the maximum conversion
rate of the A/D Converter. This mode is the “fast-in, slow-
out’ (F1SO} sampling mode. When enough samples have
been stored in the parallel register array of the CCDs to fili
a waveform record after a trigger event, sampling stops
(fast-in). The stored analog samples are then clocked out
of the CCD arrays at a rate that the A/D Convertar can
handle (hence, slow-out). For SEC/DIV settings slower
than 50 s, the Short-Pipeline sampling mode is used. In
Short-Pipeline, the acquisition rates are slower than the
maximum digitizing rate of the A/D Converter. Samples
are taken at a constant rate in Short-Pipeline mode, but to
account for the slower acquisition rates needed for each
successively slower SEC/DIV setting (from 100 ps to 5 s),
samples that are not needed are ignored. Short-Pipeline
mode is so named because the samples do not fill all of
the parallel registers withinn the CCDs, but take a “short”
serial path through the CCDs (see the "Detailed Circuit
Description™ for more information).

Analog samples are continually clocked into the CCDs
by the output clocks of the CCD Phase Clock Array until a
valid trigger is recognized by the Acquisition System. The
Time Base Controller (diagram 8) provides the reference
frequency to the CCD Phase Clock Array via the Refer-
ence Frequency Selector and the Phase-Locked Loop cir-
cuit (diagram 11). Dividers in the CCD Phase Clock Array
synthesize the clocking frequencies needed for saving the
acquisition at the different SEC/DIV settings. The Time
Base Controller also controis the acquisition mode (FISO,
Short-Pipeling, or ROLL) and the storing of acquired sam-
ples into the Acguisition Memory.
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At this point in the sampling process the Time Base
Controller is waiting for a triggering gate from the Trigger
System to complete the acquisition (see ““Acquisition Pro-
cess ahd Control"). ' Extra pretrigger samples acquired
- while waiting for a trigger will either be- flushed out of -the
output wells of the CCDs (FISO mode) or converted and
stored in the circular Acquisition Memory (diagram 8), but
not moved to the Save Memory (Shart-Pipeline mode). The
exception to this is ROLL mode; a trigger’ event is not

required for ROLL acquisitions. Digitized data is moved.

through the Acquisition System to continually lpdate the
display with each waveform data point acquired.

ACQUISITION PROCESS AND CONTROL

To do a waveform acquisition, the System uP
addresses the internal instruction registers within the Time
Base Controller and then writes the setup data into the
registers, The setup data défines the acquisition mode
(FISO, Short-Pipeline, or ROLL), the time base clocking
rate (for the SEC/DIV setting), the trigger position, and
other instructions for how an acquisition is to be made,

Once the setup data is in the Time Base Controfler
instruction registers, the Systéem pP generates a strobe
that starts the acquisition and turns control of the Acquisi-
tion System over to the Time Base Controller. The Time
Base Controller then bagins monitoring the CCD Phase
Clocks to determine when an adequate number of analog
samples are in the CCDs 1o fill the pretrigger require-
ments. When those samples have been obtained, the Time
Base Controller enables the  Trigger Logic Array
(diagram 11) to accept a trigger and’ begins looking for a
triggering gate from the Trigger Logic Array (via the CCD
Phase Clock Array). This waiting period is the continuous
anatog sampiing state for the CCDs referred to at the end
of the “Input Signal Conditioning and Analog Sampling”
discussion, o '

With the Trigger System enabled, the A/B Trigger Gen-
erator (diagram 11} monitors the selected source for a sig-
nal that meets the analog triggering criteria. Source selec-
tion and triggering criteria are controlled by serial data
writes from the System uP (via the Data MUX Select cir-
cuit) based on the Front Panel settings selected by the
user. When the analog triggering conditions are met, the
A/B Trigger Generator gates the Trigger Logic Array. Once
enabled, the Trigger Logic Array monitors other triggering
criteria (Trigger Mode, Delay Time setting, Hold Off timing,
etc.) to determine the actual “Record” trigger point in the
waveform data record. The System uP writes data control
bits defining the Trigger Logic Array operating imode to the
. internal registers of the Trigger Logic Array via the
Acquisition Control Registers.
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When the Trigger Logic Array determines that the addi-
tional triggering conditions are also met, the Time Base
Controfler is gated (via the CCD Phase C!ock'Array), and
the post-trigger samples are taken {if required) to finish the
acquisition. How the acquisition is completed after the
trigger point is determined; depends on the analog sam-
pling mode in effect. Co

FISC Mode

For FISO mode, the GH 1 and. CH 2 CCDs must each
hold 1024 samples {plus some extra samples used in
locating the correct trigger point). After the trigger event,
the Time Base Controller counts a sampling clock from the
CCD Phase Clock Generator to determine when encugh
post-trigger samples have been shifted into the CCDs to
finish the acquisition. When the record is filed; the analog

- .sampling-process-—is --stopped—-:br-"disabling"“th‘é""ﬁ'ai‘ﬁiilihb

clocks output by the CCD Phase Clock Generator. Con-
verting the stored analog infarmation into digital data and
saving it into the Acquisition Memory is then started. Both
the “conversion” and “save" aspects of the acquisition
process are discussed in “Analog Data Conditioning and
A/D  Conversion” and “Acguisition Processing and
Display.” : :

Short-Pipeline Mode

For Short-Pipeline acquisitions, each CCD can contain
only 37 samples before the "pipe” is full. This means that
samples must be_continuously shifted through the digitiz-
Ing process and into Acquisition memory as the samples
are being taken. Since the pretrigger and post-trigger dis-
tribution of the data in the acquisition record is not defined
until a trigger occurs, converted data is continually stored
in the Acquisiton Memory. If the Acquisition Memory
space should become filled before a trigger occurs, newly
acquired data will simply displace the old in a circular
manner (cldest data replaced first). After a trigger, the
Time Base Controller courits another sampling clock to
determine when enough samples have been moved into
the Acquisition Memory to satisty the post-trigger require-
ments and then turns the Acquisition Memory space over
to the Waveform P, The Waveform #P transfers the sam.
ples into the Save Memory for eventual display.

DATA CLOCKING TO
ACQUISITION MEMORY

FISO Mode

In FISO mode, the Time Base Controller signals the
CCD Phase Ciock Array (U470, diagram 11) to begin
clocking waveform samples out of the CCDs. The Time
Base Controller monitors the Trigger Location sighals from
the CCD Phase Clock Array to determine precisely where
in the acquisition the trigger occurred. When the samples



not needed to fill the 1024-point waveform record have
been clocked out so that only the samples properly posi-
tioned around the trigger point remain in the CCD, the
Time Base Controller enables the save acquisition clocking
to begin moving the digitized samples from the A/D Con-
verter into the Acquisiton Memory, thus saving the
waveform record. (See "Detailed Circuit Description’ for
more trigger point location information.)

To do a waveform save, the Time Base Controller is
selected to control writing into the Acquisition Memory via
the Memory Mode Control circuit (diagram 8). The
SAVEACQ clock circuitry is then enabled to pass a 4 MHz
clock signal (SHIFTD2C0N) from the CCD Data Clock
circuit (diagram 7} to dc the memory writes at the
FISO rate.

The memory write ciock also increments the Acquisition
Memory Address Counter to provide the address for writ-
ing the next data point into the Acquisition Memory. The
address is latched into the Record-End Latch during each
memory write so that the beginning of the acquisition
record can be determined when the Acquisition Memory is
accessed later.

As the samples are being moved into the Acquisition
Memory, the Time Base Controller monitors clocks from
the CCD Data Clock circuit to determine when the 1024
digitized samples (per each channel) are saved. The Time
Base Controller then stops writing to the Acquisition
Memory by disabling the write clock and switches contro!
of the memory to the Waveform uP {again, via the Memory
Mode Control circuit). The Time Base Controller then
strobes the Waveform uP (diagram 2) to signal that the
acquisition is complete and the waveform data is available
for processing and display.

Short-Pipeline Mode

For Short-Pipeling mode, the Time Base Controlier gen-
erates an enabling clock that controls the 2 MHz write
clock to the Acquisition Memory. The correct enabling rate
of the SAVEACQ write clock for the selected SEC/DIV
setting is synthesized within the Time Base Controller,
using a CCD Data Clock input to obtain the base fre-
quency. This enabling clock turns on the controlling gate
circuit to pass only two SAVEACQ clocks (via the Mode
Control Circuit) to write to the Acquisition Memory, saving
one digitized data point per channel (two in Envelope
Mode—one max and one min per channel). Then the syn-
thesized clock from the Time Base Controller disables the
SAVEACQ clock for a certain number of clock cycles.
Specifically, the number of ungated clock cycles equals the
SEC/DIV setting divided by 50 us, i.e., four clock cycles at
a SEC/DIV setting of 200 us. Therefore, the samples
saved in the Acqguisition Memory in Short-Pipeline mode
produce a constant 50 samples per horizontal division
when displayed, regardiess of the SEC/DIV setting.

Theory of Operation—2440 Service

The remainder of the Short-Pipeline save operation is
similar to a FISO save. The Acquisition Memory Address
Counter is incremented by the clock that writes data to
the memory as in F1SO, but at the synthesized rate rather
than at the 4 MHz FISO rate. As in FISO, the Trigger
Location information is used to determine the trigger point
location. Enough samples are saved into memory after the
trigger point is found to fill the post-trigger requirements
before turning control over to the Waveform uP.

ANALOG DATA CONDITIONING
AND A/D CONVERSION

All four pairs of the differential output signals from the
CHY$ and CH 2 CCDs are applied to the inputs of the
corresponding pairs of Gain-Cell amplifiers {(diagrams 14
and 14a). Each amplifier {there are two Gain-Cell amplifiers
on each of the four Gain-Cell boards) converts the
differential signal clocked to its inputs to a single-ended
output signal. That signal is used to drive the input of a
corresponding Sample-and-Hold circuit (also shown on
diagram 14).

The CCD Data Clocks and the CCD Output Sample
Clocks (diagram 7) control the timing between when the
signals are coupled to their corresponding Sample-and-
Hold circuits and when the Sample-and-Hold circuit out-
puts are coupled to the single analog input of the A/D
Converter (diagram 15). Briefly for FISO mode, the timing
is as follows:

1. A CCD Output Sample clock gates the outputs of all
four CH 1 Gain-Cell amplifiers to the input of their associ-
ated Sample-and-Hold circuit. There, the input levels are
sampled, and the gating is then disabled 1o hold the
sampled level on the Hold capacitors. One of the CHA1
Sample-and-Hold output circuits is then gated on to pass
the sample level to the A/D Converter for digitization.

2. While the output level of the first CH 1 Sample-and-
Hold Is gated to the A/D Converter, a CCD Output Sample
clock gates the outputs of all four CH2 Gain-Cell
amplifiers to their corresponding CH 2 Sample-and-Hold
circuits. Both the first CH 1 Sample-and-Hold outputs and
the inputs to the CH 2 Sample-and-Hold circuit are then
ungated, and the first CH 2 Sample-and-Hold output circuit
is gated on to pass its held signal level to the
A/D Converter.

3. The first CH 2 output is then ungated, and the
second CH 1 Sample-and-Hold output and the second
CH 2 Sample-and-Hold output are gated on in succession
to couple their held ievels to the A/D Gonverter. This multi-
plexing process continues until the third and fourth
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Sample-and-Hold outputs of both CH 1 an CH2 are gated
in turn to the A/D- Converter; The:cycle then repeats. until
1024 samples from .all four sides of both GCDs have
been converted. . ' " ‘
o NOTE
. The samples are clocked through each side of the ,
CCD at a 500kHz rate, resuliing in an output
sampling rate of 2 MHz per channel. Also note that
the 8-to-1 gating of the two channels and their
respective oulputs resufts in a 4 MHz time-
muftiplexed (8-fo-1) signal to the A/D Converter,

For Short-Pipeling sampling mode, the gating for the
inputs to the Sample-and-Hold circuits is the same as in
FISO mode. However, since only one side of each CCD s
used per channiél, onfy one. palr of differential outputs (per

~-CCD)--and - the ~corrasponding— Gain=Cellarmplifier—amng

‘Sample-and-Hold  circuits  transfers  valid ~ waveform
samples to the A/D Converter. The Short-Pipeline’ made
save-acquisition clocking ensures fnat “only "the valid
converted data is' saved-(see “Short-Pipeline Mode” in
“Acquisition Process ‘and Control”). Observe, however,
that the signal to the A/D Converter is still a 4 MHz time-
multiplexed signal, but with invalid data half of the time.
Since the invalid data is, in effect; discarded by the Short-
Pipeline Mode save-acquisition clocking, the A/D Converter
continues to operate at a constant 4 MHz conversion rate
as In FISO mode. :

 The time-multiplexed signal is applied to the input of the

A/D Converter circuit for digitization. The System Clocks
circuit (diagram 7) provides a 4 MHz clock to the
converter, for a 4 MHz data-conversion rate of the input
signal. The resulting digital output byte is applied in four
8-bit bytes to the Acguisition Latches {(diagram 15).

For Normal and Average Acquisition Modes, data is
clacked into the Acquisition Latches by another 4 MHz
clock time-shifted from the 4 MHz clock used by the A/D
Converter. Enabling of the outputs of the Acquisition
Latches is controlled by the CCD Data clocks in a
sequence that ensures that the data clocked out from the
enabled latch corresponds te the CCD side and Sample-
and-Hold circuit that provided it. The 8-bit sample bytes
are then saved in Acquisition memory in the same order
they were obtained. This “structured” method for saving
acquisitions keeps the data in the correct time sequence
for display.

For Envelope Mode, the Time Base Controller disables
continuous gating of the 4 MHz clock to the Acqguisition
Latches. This action turns over the gating of that clock io
the Envelope Min-Max Comparators (diagram 15). With
. the 4 MHz clock ungated, thé CCD Data Clocks will
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‘ contiriue,-to control the enabling of the outputs of -the

acquisition latches as described, but the new data bytes
are not continually clocked into the latches. The result is
that only the data bytes clocked In by the Envelope Min-
Max Comparators are :sequentially . clocked to the
Envelope Data bus i the following manner: CH 1 max,
CH 2 max, CH 1 min, GH 2 min. This is the same order in
which the analog samples are clocked into the A/D
Converter.

The output of the A/D Converter is fed to the Envelope
Min-Max Comparators (diagram 15). The outputs of the
Acquisition Latches are also fed back to those compara-
tors. Due to the.previously deseribed timing-action of the
CCD Data Clocks, the newly digitized minimum or max-
imum value from the Peak Detectors (see “Input Signal
Conditioning and Analog Sampling”) is compared to the

- rlast—value—latchedinto" 18" “AdqUiSHoH TETEA ™~ that

corresponds to the new point. If the newly acquired point
is outside the previous min or max value, the appropriate
Envelope Min-Max *Comparator gates the 4 MHz clock,
and the new data byte is latched info the correspanding
acquisition latch. '

/ACQUISITION PROCESSING
AND DISPLAY

Data Transfer to SAVE Memory

Once the 1024 digitized signal bytes per channel are in
Acquisition Memory, the Time Base Controller ungates the
SAVEACQ clock and switches the the Memory Mode Con-
trol circuit to the Waveform uP. 1t also signals the
Waveform uP, via the Display Status Buffer (dlagram 2),
that the acquisition is complete. The Waveform #P can
then access the Acquisition Memory. e

When the Waveform pP reads the acquisition done
{AGQDN}) signal from the Time Base Controfer, it writes
an address (via the Address Latch) which is decoded by
the Register Address Decoding circuit (diagram 2). The
decoded address signals the Record-End  Latch
(diagram 8) to enable its contents (the last addressed
memory location for the stored acquisition) to the
Waveform uP data bus fo be read to determine the loca.
tion of the last record byte stored. The Waveform xP then
uses that location to determine the location of any byte in
Acquisition Memory,

The Waveform uP outputs (via its Address Latch)
addresses to the Address Counter for Acquisition Memory.
The Address Counter is held in its load mode by the
Waveform pP (via the Memory Mode Control circuit), pass-
ing the address through to Acquisition. Memory. The
Waveform uP enables the Acquisition Memory and
provides the clocks (via the Memory Mode Control circuit)



to move stored data out to the Waveform Data bus via the
Data Bus buffer. This data is written either into the
Waveform Save Memory or into an internal register of the
waveform gP for processing, depending on the display
requirements. '

Most transfers from Acquisition Memory are straight
out of Acquisition Memory, through the Waveform Data
Buffer, and into a corresponding memory location in
Waveform Save Memory. However, the Waveform pP
sometimes disables the Waveform Data Buffer and reads
the data directly into its own internal register via the Data
Bus Buffer. The Waveform uP then processes it according
to tasks assigned by the System uP, using routines stored
in its own ROM. Fer instance, in Envelope mode the
Waveform zP will read (into a second internal register) the
corresponding byte stored in Waveform Save Memory
from the previous acquisition. If the new byte, stored in
the first internal register, is determined to be a new max or
min value, the Waveform uP uses it to replace the previ-
ous value in Waveform Save Memory.

It should be noted that the Waveform Save Memary is
a paged RAM memory. The Waveform wP uses a paged
address scheme to load waveform data into one of six
. possible sections, depending on the source {(CH 1 orCH2)
or the destination (REF1, REF2, etc) of the waveform.
Observe also that the Waveform Save Memory RAMs are
supplied power by the Standby Circuit when instrument
power is off, allowing for preservation of the waveform
data stored in each of the six sections. See the “'Detailed
Circuit Description” for more information concerning the
structuring of the Waveform Save Memory and operation
of the Standby Power circuit,

Data Transfer to Display Memory

Once an acquisition is stored in the Waveform Save
Memory, it must be moved to the proper locations in
Display Memory, from where it is converted back to an
analog signal for display. The Waveform uP updates each
section of Display Memory at the proper time, based on
internal routines stored in Waveform Processor ROM and
timing supplied by the Secondary Clocks via the Waveform
Processor Ciock and Bus Grant Decoding circuit. The
Waveform uP also writes attribute changes (such as
changes in horizontal position) to the Display Memory
(when assigned the task by the System uP).

The Waveform uP addresses (in parallel) both the
Waveform Save Memory and the Display RAMs via the
Address Multiplexer (diagram 17). The System uP gates
the address through to the Display Memory (the Vertical,
Horizontal, and Attribute RAMs on diagram 16) via the
Display Control Register (dlagram 17). The Waveform uP
then clocks the data out of its memory into the appropri-
ate Display RAM.

Theory of Operation—2440 Service

Data Transfer to Display DACs

When the System P initiates the display of the data
stored in Display Memory, it writes (via its data bus) the
starting address of that data to the Display Counter
(diagram 17). It also outputs an address that latches, via
the Register Select Circuit, the starting address into the

Display Counter. Simultaneously, data from the System uP

initiates, via the Display Contro! Register (diagram 17}, a
strobe to the Display State Machine, The Display State
Machine then signals the Address Multiplexer, gating the
address{es) output by the Display Counter through to
Display Memory {diagram 16), and begins to gate a clock
from the Display Clocks circuit to the Display Counter. The
Display Counter increments for each (display) clock cycle,
accessing successive addresses in Display Memory as the
System uP clocks the data out of Display Memory.

The System uP uses data writes to the Mode-Control
Register (diagram 17) to select which portion of the
Display Memory (Vertical, Horizontal, or Attribute) or which
register (Volts Cursors or Time Cursors) is selected for
output to the Vertical or Horizontal DACs. The System nP
also uses the Mode-Control Register to select, via the
Horizontal Data Buffers, whether the waveform data in the
Horizontal Ram is applied to the Horizontal or Vertical
DAC, allowing either YT or XY displays.

1t should be noted that the incrementing addresses sup-
plied via the address iatch are also applied to the Ramp
Buffer. Since each incremental address corresponds
directly to the data byte it addresses, and since the output
of the Ramp Buffer (diagram 16) will be converted to a
staircase waveform by the Horizontal DAC, the addresses
can provide the horizontal deflection (or "ramp”) neces-
sary for YT displays.

Data Display

~ Data, waveform or other, is converted to two comple-
mentary output currents by each Display DAC. These
currents are analog in nature, but reflect the :+256-bit
resolution of the DACs. Therefore, the current outputs are
a series of discrete analog levels (or steps, if the current is
varying), each level corresponding to the B-bit byte applied
1o the DAC.

The differential current outputs from the Horizontal and
Vertical DACs are converted to single-ended voltages at
the input to the Display Output circuitry. Those voltages
then drive either the corresponding Horizontal and Vertical
Vector Generators (diagram 18) for vector displays or the
Horizontal and Vertical Output Amplifiers directty for dot
displays.
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The Vector Generators .consist of a High-Current
Difference - Amplifier, a Sample-and-Hold circuit, and a
integrator to produce the vectors that connect the' samiple
points in the display. Signals for vectored displays are con-
tinuously sampled- and held, and iritegrated. The input volt-
age integrated is the difference between the voltage level
of the sample - presently being held- and the intergrated
level of the sample immediately preceding it. This action
allows & smooth transition between the individual steps for
a continuous display. '

A Display Mode Switcher selects between the Vector

Generator signals, a dots-only signal or an envelope

display-signal. Witti Eivalopé mode seiected, the signal is
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passed through an rc integrator that produces vectors
between the min-max data points of the Envelope Mode
dispiay. .

The System P, based on Front Panel settings, selects
the display- mode for the Vertical and Horizontal Vector
Generators. The selected’ input, either Vedtor, Dot,
Envelope, or Readout inputs, from each Vector Generator
is coupled through to its corresponding Vertical or Hor-
fzontal  Output ~ circuit (diagram 18). There they are
amplified and converted from single-ended to double-
ended, to drive the Vertical or Horizontal plates of the crt
(diagram 19). Both Vertical arid Horizontal Output circuits
have voltage offset and gain adjustments and are compen-
sated for “'spot wobble' (variations in bearn ‘placement on
the crt screen with variations in beam ‘intensity) by the
_In_n_a__r'l_'sity..__._ciracuiL.,.(diagram=.-6)--nvia=--the=-8pet:Wobble“Correc’-
tion circuit. : S '

Es
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DETAILED CIRCUIT DESCRIPTION

SYSTEM PROCESSOR

The System Processor {diagram 1) is the control center
of all operations in the scope. It consists of an 8-bit
microprocessor (uP), an 8.bit data bus, a 16-bit address
bus, a prioritizing interrupt system, hardware address
decoding, nonvolatie RAM space, and 272K bytes of
bank-switched ROM.

The System Processor circuitry also coordinates the
functions of the two other microprocessors in the 2430,
the Waveform Processar and the Front Panel Processor.

System uP

System upP U640 executes instructions stored in the
System ROM in order to initiate and control the various
functions of this scope. Internally, the microprocessor has
16-bit data paths; externally it has an 8-bit data bus for
communication and a separate 16-bit address bus. No
address/data bus demultipiexing is necessary. The uP is
driven by an external 8-MHz clock that Is divided by four
internally for a 2-MHz cycle rate. The number of cycles per
instruction varies from a minimum of 2 to a maximum of
20, with the average being about 4 cycles per instruction.
The uP executes, on the average, 1/2 MIP {Million Instruc-
tions Per second).

System pP U640 generates three signals used o con-
trol the communication activities of external circuitry. Of
these signals, E and Q are for timing purposes. The rising
edge of Q signals that the address on the bus is valid;
data to the uP is latched on the falling edge of E. The third
signal generated is the R/W signal. It is valid the same
time the address is valid, and its state (LO or HI) deter-
mines whether an addressed device is written to or read
from.

The E signal (U640 pin 34) and the Q signal (U640 pin
35) are ORed together by U840D to generate the HVMA
(Host Valid Memory Address) signal. When HVMA at
U840D pin 11 is HI, the address on the bus is valid. Once
the external circuitry receives a valid address signal, it
proceeds with the specified memory access. The signals
used to enable and time these accesses are AD (read) and
WR (write).

The BD signal is derived from UB44A, which NANDs
the HVMA signal with the uP R/W signal. Inverting buffer
U572C provides added driving power to the R/W signal,
and inverting buffer U8B4B reinverts it back to its original
polarity before it is applied to NAND-gate UB44A. The out-
put of UB44A Is the RD signal, whose falling edge indi-
cates the start of a read cycle. The rising edge of RD is
coincident with the latching of the data read into xP UG40.

The WR signal is derived from an inverted version of
the P R/W signal {via U572C) with a buffered 4P Q signal
(via U88OD) NANDed by U844B. The output of this
NAND-gate is & signal with a falling edge that indicates the
start of a write cycle to the addressed device and a rising
edge that latches data from the pP into the addressed
device. The Q signal is used here instead of HVMA (as
was used to generate FD to produce a data hold time of
more than 100 ns as needed by the oscilloscope Time
Base Controller circuiry.

Data Bus Buffer

Data Bus Buffer U850 provides buffering of the data
bus lines. It is bidirectional to enable two-way communica-
tion between the System xP and the data bus. In normal
operation, jumper J126 will connect the chip-enable pin to
ground, and the buffer is enabled to transfer data. The
direction of the transfer is conirolled by the R/W signal
from the System uP via inverting buffer US72C.

Moving test jumper J126 to its "KERNEL" position dis-
ables buffer UB50 and forces it to its tri-state (high-
impedance output) mode. The pull-up and pull-down resis-
tors on the data bus lines, R742, R746, and R744, place
an instrustion byte an the uP data bus that causes the uP
to repeatedly increment the addresses placec on its
address bus lines through their entire range. This pro-
cedure is a troubleshooting aid that exercises a good por-
tion of the address-decoding and chip-select circuitry.

Address Buffers

Address Buffers UB32 and U730 provide buffering of
the System uP address lines to the various addressable
devices. The buffer chips are permanently enabled and
provide both current buffering and electrical isolation for
the address lines. Test point TP840 is provided as a
source of an oscilloscope trigger signal when checking the
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incrementing address lines in the forced "“KERNEL"
troubleshooting mode described in the “'Data Bus Buffer”
description. _

System RCM

The System ‘ROM (read-oniy memory) stores the
commands and data used by System uP U640 to execute

its control functions. The System ROM is made up of one-

16K byte x 8-bit memory device, U670, that contains the
Systern uP operating system, and four page-switched, 64K
byte X 8-bit memory devices, U680, U682, U890, and

U692 used for storage of all the additional operating rou- 7

tines.. This gives a total of 272K bytes of ROM space.
Each ROM is individually enabled by the ROM Select
circuitry, and the addressed data will only appear on the
system data bus when the RD (read) signal goes LO.

Sir—1a:—:e==-,uP<-=l—-JG4E}-~--hasr—-='the‘"-capability'”’ro*''‘sl'd'dre‘s“s::‘_*o'n‘[j,?‘= 64K

locations and has to address other Ihings besides ROM,
the System ROM is split into 17 pages. Address decoders
UB30A, UB90B, and part of PC- Register U860, select the
page of ROM to be read from to allow the System pP to
access the entire 272K byte ROM space.

Immediately after the power-up reset ends, uP UB40
automatically tries to fetch the reset vector (the location of
the first program instruction) from locations FEFE(hex) and
FFFF(hex) in its address space. Anytime the System pP
tries to access memory, the HVMA (host valid memory
address) signal from UB40D will be H! during the time the
address is guaranteed to be valid. Addresses FFFE-and
FFFF have bits AE and AF (the two MS8Bs of the address
bus) set HI; therefore, with the HVMA signal HI, NAND-
gate UB70D outputs a LO that enables U890A, and a
ROMT select output is obtained from US90A for both
addresses. The ROMT applied to the ¢hip-eriable input of
ROM U670, along with the LO RD -applied to its output
enable, outputs the two 8-bit data bytes from location
FFFE and location FFFF onto the system data bus via bus
transceiver UB60. The address contained in these bytes
directs the uP to the start of its program, and the program
Is started.

When the uP needs information from one of the other
System ROMSs, it writes four bits of select data into regis-
ter UBG0. Of these bits, PAGE-BITO0 and PAGE-BITY,
applied to 1-of-4 Decoder UB90B, select which ROM chip
of ROMO is enabled. PAGE-BIT2 and PAGE-BIT3 are the
most significant bits of the ROM addresses and determine
which page of the enabled ROM is addressed.

Power-Up Reset

The Power-Up Reset circuit holds the System P U640
reset for 100 ms after instrumient power up to make sure
that all instrument power supplies are operating properly.
This delay ensures that the System P begins the operat-
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ing program with all electrical components in valid {defined)
states after the instrument is powered on.

The Power-Up Reset circuit consists of a Texas Instry-
ments® TL7705 Reset Controller U942 and some RC
timing components. When the instrument is first powered
up, the Reset Controller's RESET output is LO, holding
the Systern uP reset at pin 37. The. Resetf Controller then
monitors the power supply voltage at its SENSE input at
pin 7. When the supply voltage at this Jnput reaches
operating tolerance, the Reset controller allows an internal
current source to begin charging C938 at pin 3. After at
least 100 ms {time is determined by the 10uf capacitor
€938 and the 200K resistor R938), the voltage on C938
triggers an internal comparator in the Reset Controller and
the Reset Controller removes the reset at pin 37 of the
System pP by switching RESET HI.

The Power-Up Reset continues to maonitor the power
supply voitage at its SENSE input. This voltage is divided
by an internal voltage divider and continuously compared
against an internal voltage reference. If the power supply
drops below operating limits for some reason, the Reset
Controfier drives RESET LO to reset the System pP, and,
at the same time, it discharges C938. The normal power-

up sequence previously described can then.occur whéh/if;

the power supply comes back within limits.

" In a normal power-down sequence, the System uP 18
notified in advance that power is going down via the non-
maskable interrupt PWRUP -from the Power Up circuit
(diagram 23). The power supply remains up for a minimum
of 10 ms after PWRUP Is issued, and the System uP uses
the time to calculate and save callbration constants, front-
panel settings, and other information needed when it is
repowered up. Once these “housekeeping chores” are
completed, the System pP sets the PWRDOWN bit HI at
pin 15 of U760, which pulls the RESIN (reset in) input of
the Reset Controller LO through inverter U254E. This
forces the Reset Controller to reset the System uP as
previously discussed. '

NOTE

ff, for some reason, the System uP does nof set
PWRDOWN to trigger the reset, the Reset Controller
doegs so when the power monitored at the SENSE
input falfs below operating limits (see previous
discussion).

Interrupt Logic

The Interrupt Logic circuit provides a means by which
other sub-systems may interrupt the normal program exe-
cution being done by the P to request service. Three lev-
els of interrupts are available in 4P U640. The NMI (non-
maskabie interrupt) that occurs at power-down has priority
over the other two interrupt levels. If either of the other



interrupts is present at the same time as the NMI, the nP
gives preference to the NMI and immediately branches to
the power-down routine. The power-down routine per-
forms the operations necessary for an orderly shut-down
of the scope. A cyclical-redundancy checksum of the data
stored in Nonvolatie RAM is calculated and stored back
into that RAM. On power-up, that checksum is used to
verify the validity of the parameters and settings stored in
the Nonvolatile RAM. To prevent a possible 50-ohm over-
toac of the Channel 1 or Channel 2 input circuitry during
times that the instrument is off, part of the power-down
routine is to make certain that input coupling is set to a
high-impedance siate.

The next interrupt in priority after the NMI is the FIRQ
{fast-interrupt request). it is produced by flip-flop UB94A in
response to a 2 ms clock signal from the Time Base circuit
(diagram 8). The 2 ms clock sets the FIRQ line LO every
2 ms to signal uP U640 that it is time to do the time-
critical tasks ke updating the DAC System. When the
fastinterrupt request has been serviced, the uP clears the
FIBG latched into UB94A by outputting address 6012h.
This address is decoded by 1-of-8 Decoder U884 to gen-
erate a CLRFIRQ (clear fast-interrupt request) signal that
resets flip-flop UB94A. Servicing of a fast-interrupt request
differs from other interrupt requests in that the contents of
only two pP registers are pushed to an internal stack
(instead of all the uP registers), allowing the uP to respond
faster.

The lowest priority is given to the combined signal
farming the TRQ (interrupt request). This interrupt allows
various sub-systems to get attention from the System uP.
NOR-gate U850B outputs a LO when any of the five con-
ditions occur. Inputs to NOR-gate U850B are from: the
GPIB (General Purpose Interface Bus), the Display cir-
cuitry, the Front Panel, the Waveform pP, and the Trigger
System. Of these, the latter three interrupts may be
masked off (disabled) by the xP by writing LO mask bits
into register U760 which are then applied to AND-gates
UBBOA, UBBOB, and U8BOC. A LO input to one input of an
AND-gate holds the associated output pin LO and
prevents an interrupt signal from being gated through to
NOR-gate U850B. The Waveform uP may mask the
Display System interrupt (DISDN) from the System uP by
placing a LO on pin 5 (MDISDN) of AND-gate U5B0B from
register U550 (diagram 2). The Waveform gP thereby can
gain first access to the Display System if it needs to do
display updates before the System pP sees that the
Display System is finished with its last task. When the
Waveform uP is done, it writes the MDISDN interrupt Hi to
let the System uP know that it is finished with the Display
System and the Display System is ready to be restarted.

When an TRQ interrupt is detected, the xP executes a
read of location 6010h which is the address of Interrupt
Register U654 (an octal buffer). That address is decoded
by 1-of-8 Decoder UBB4 to set INTREG LO and enable
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UB54. The enabled buffer passes the status of the various
interrupt lines at its inputs to the data bus for the uP to
read. From the status bits read, the uP determines which
circuit caused the interrupt and branches to the called for
interrupt  service routine. If more than one interrupt is
pending, the System wP IRQ interrupt handiing routine
decides which one needs to be (or can be) handled first.
The order in which it handles these interrupts depends on
the current activity of the System uP.

Besides interrupt status, three other status bits are

read from the Interrupt Register. These are the DCOK (dc

ok) signal from the power supply (check during the calibra-
tion routine register checks), BUSGRANT from the
Wavefarm uP, and FPDNRD. DCOK signifies that the vari-
ous power supply voltages are within proper limits; BUS-
GRANT indicates that the Waveform P has relinquished
bus control in its operating space and that those
addresses are now mapped into the System pP address
space. FPDNRD indicates that the Front Panel pP has
read the data sent to it from the System uP.

System Address Decode Circuit

The System Address Decode circuit uses several of the
system address bits, along with other contrel signals, to
connect the System Data Bus {via the Memory Buffer) to
System RAM and ROM (called System Memory, collec-
tively) for those addresses that map io those memories. It
also isolates the System Data Bus from System Memory
when the System wP output addresses that map to other
memory devices or certain input/output registers. Some
control signals are routed from this decode circuit to other
circuits and are used to decode enables for those circuits.

MEMORY BUFFER. UB60, a bi-directional buffer,
connects or isolates the System Data Bus from System
Memory depending on whether enabled or disabled by the
output of AND-gate U580A. Direction of data transfer is
controlied by WR (write) line from the system processor.
When devices other than System ROM or System RAM
are addressed, the buffer outputs are switched to a high-
impedance state to isolate the memory devices from the
data bus.

MEMORY MAP. Figure 3-2 is a memory map showing
the different memory areas and the address blocks they
occupy on the System Processor and the Waveform
Processor Data Bus. Addresses output by the System
Processor andfor the Waveform Processor access the
memory indicated In the address block depending on how
those addresses are decoded. Refer to Figure 3-2 as the
address blocks are discussed {both here and iater for the
Waveform RAM).

As indicated by the memory map, addresses from
D000h-7FFFh are overiapping addresses; that Is, if they
are originated by the System Processor, they may map to
(access) memory locations or registers connected to either
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Figure 3-2. Simplified Memory Map
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the System Data Bus or the Waveform Processor Data
bus. If they are originated by the Waveform Processor,
they access the memories indicated on the Waveform Pro-
cessor Bus. The following description of the address
decoding is for System Processor addresses and how the
System Address Circuit outputs control signals to the
Memory Buffer and to the address decoding circuit for the
Waveform Processor (diagram 2). For information on how
the Waveform Processor's address decoding circuitry uses
these signals, see “Waveform Processor Operation” in this
section.

ADDRESSES 8000h-FFFFh. All addresses from 8000h-
FFEEh have AF set HI. This HI is AF is inverted (via
UB66C) and routed to USBOA. With the inverted AF bit
holding the input of AND-gate USB80A LO, the output of
the gate holds the Memory Buffer UBB0 enabled (LO). As
shown in the memery map, all addresses in this range are
System ROM accesses and require System Data Bus

connection to the System Memory Data Bus. Locations.

B000h-FFFFh are not used fo address any other memory
devices outside System memory (decoding for the paged
System ROM was discussed under “System ROM" in
this section).

ADDRESSES 0000h-TFFFh. All addresses in this range
have the AF bit set LO. With AF LO, the inverted AF
signal holds a HI at one input to the dual-input AND-gate
USBOA. The output of this AND-gate (and the enabling of
U660} is then controlled by the output of OR-gate U332A.

When the System Processor wants these address
ranges 1o map to the Waveform Processor Data Bus (. e.,
wants the System Data Bus and the Waveform Data Bus
connected) , it either asserts BUSREQ to the Waveform
uP to receive BUSGRANT, or it asserts BUSTAKE to
force BUSGRANT. BUSGRANT at the input of OR-GATE
U250D forces a HI to the input of AND-gate UB62B. If this
is not a MAIN or MAINZ memory &access, MAIN and
MAIN2 from 1-of-8 Decoder UB68 are both HI and usszB
output Is driven HI by the BUSGRANT. This HI is coupled
through U332A and U5B0A to disable the UBG0 Memory
Buffer and disconnect the System Data Bus from System
Memory. MAIN and MAINZ are routed to decoding cir-
cuitry and used to connect the System Data Bus to the
Waveform Data Bus (see "System uP Access’ under
“Waveform Processor Operation” in this section).

If either of the host RAM enabies MAIN or MAIN2 are
LO, the 1-of-B decoder UB68 has decoded address lines
AC, AD, and AE to determine that the addresses range
fram 4000h-4FFFh or from 7000h-7FFFh. In these address
ranges, the LO host RAM enable holds off the
BUSGRANT-forced HI at the output of U250D from driving
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the output of AND-gate UB62B HL. If the System Proces-
sor is accessing these locations in Waveform Processor
RAM, it asserts WPRAM HI (Waveform RAM) at the input
to OR-gate U332A. This H! is coupled through 1332A and
AND-gate U5B0 to disable U660 regardiess of BUS-
GRANT, MAIN and MAINZ2. BUSGRANT and WPRAM are
routed to decoding circuitry to connect the System DATA
Bus to the Waveform Data Bus.

If the System Processor is NOT accessing Waveform
Processor RAM for the 4000h-4FFFh or 7000h-7FFFh
address space, WPRAM is disabled LO. With either MAIN
or MAINZ enabled LO, the output of UB62B is driven LO.
This LO lets OR-gate U332A, and then AND-gate USBOA,
switch LO and enables Memory Buffer U660 to connect
the System Data Bus to the System Memory Bus. The
MAIN and MAINZ memories are then accessed.

If the System Processor is NOT accessing Waveform
Processor RAM or a MAIN-section of System RAM, BUS-
GRANT and WPRAM are NOT asserted HI and MAIN and
TAAINZ are not asserted LO. In this case, the output of
four-input AND-gate U862A controls the enabling/disabling
of the Memory Buffer. UB62A combines with AND-gate
U432B to form a five-input AND-gate function, with output
Y0-Y3 and Y5 connected to the five inputs. If the address
is in the range of 0000h-4FFFh or 5000h-5FFFh, 1-0f-8
decoder UBBB decodes a LO output to one of the five
ANDed inputs. U882A outputs a LO which is ORed {by
U250D) with the disabled BUSGRANT (LO) to hoid off .
AND-gate UBB2B. The LO at the output of UBB2B is
passed through- U332A (WPRAM is LO) and U580A to
enable the Memory Buffer and connect the System Data
Bus to the System Memory. The LO output of U322A,
CYSVYS, also enables the System RAM for this Miscellane-
ous RAM access,

ADDRESSES 6000h-6FFFh. Addresses in this range
either access devices on the Waveform Processor bus or
directly access devices on the System Data Bus. if the
address is In this range, U668 decodes Y6, HMMIO LO.

Since Y6 Is LO, all other outputs, including those driving
the five inputs to AND-function U862A/U432B, are HI.
With the five inputs 1o AND-function Uss2A/U432B all HI,
its output is HI to UB62. With the remaining two decoder -
outputs UBB2B, MAIN and MAINZ, set HI, AND-gate
UBB2B outputs a HI that holds the Memory Buffer disabled
for ALL HMMIO accesses. HMMIO is inverted via UBEEB
and is routed, along with address bits A3 and A4, to
decoding circuitry (Diagram 2) to determine when the Sys-
tem Data Bus connects to the Waveform Data Bus for
HMMIQO accesses.
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Host Memory-Mapped 1/0 h

To permit the: System nP to control the hardware func-
tions of the scope, several control registers have been
assigned to unique addresses within the P address spacé
(memaory-mappéd). These registers appear as blogks ‘of
read-only, write-only, or read-write' memory to the System
wP. The data bits handled by these registers control
specific hardware functions, and the commands written will
not violate any hardware restrictions.

As mentioned in *System Address Decode Circuit”, the
block of addresses from 6000h to 6FFFh corresponds to
the host memory-mapped inputfoutput (HMMIQ) block.
Addresses within this block are decoded to produce a LO
HMMIG signal to 1-of-8 Decoder U884 and Cctal buifer
U830. The three. MSBs of the I/0Q address biock and the

‘HVMA (host valid memory address) are.decoded. by -1-01-8--

decoder U668 to decode the I/O addresses between
6000h and 8FFFh.

One-of-eight Decoder U884 uses the HMMIO line and
address bits A3 and A4 as enabling signals. Address lines
AD and A1 and the R/W line from the processor {via
inverter U572C), select one of the eight outputs of U884 to
go 1O when the Decoder is enabled. Table 3-1 shows the
regdisters accessed by this decoding.

Inverting buffer U830, enabled by HMMIO for |/O opera-
tions, ‘applies the inverted middle’ bits of the address bus
to variolss functional modules as selects. The firmware
routines will allow only one of these select bits to be set
LO at a time. In the selected circuit, further address
decoding iIs enabled. Figure 3-2 illustrates the System uP

address memory map and shows the blocks assigned for
memory-mapped /0. Each of the memory-mapped 1/O
blocks consists of 16 consecutive addresses from 6000h
to 7000h with various functions ‘assigned to' specific
addresses. These functions inclide clocks, chip enables,
and circult enables. Each is explainéd in the descriptions
of the circuits they affect, ' '

System RAM

The System RAM provides temporary storage of data
used in execution of the various contral functions of the
System wP. In addition, long-term power-off storage of
system-calibration constants and front-panel settings -is
provided, allowing the instrument to power on in the same
state it was in when it was turned off. .

The System-RAM consists of a single mernory device.
It is nonvolatie RAM, that. is, a- battery-backup circuit is
used to maintain data when power is. off. The wP- U640
controls the -direction of data flow via the WR (write) and

RD (read) control lines.

NOTE

Although all the data in this memory device is
backed up and is, therefore, nonvolatile, that part of
the System RAM reserved for data that NEEDS to
be backed up (such as the calibration constants and
froni-panel settings) is referred to as NVRAM
throughout this section. Parts of System RAM that
do NOT NEED backing up are referred to as volatile
RAM or just RAM. . . \

Table 3-1 .
Host Memory-Mapped 1/

W/R ] A1 - AD Output Signal

o | - Lo LO INTREG (read Interrupt Register)

LO Lo HI PMISCIN (Processor miscellaneous inputs)

Lo - HI Lo CLRFIRQ (clears FIRQ flip-flop)e '

Lo ©HI HI | NG o o

H LO LO PCREG (write Processsor Control Register)

Hi LO H! PMISCOUT (write Misc Register)

HI HI _ LO ' TVREG (write Video Option Register)

HI HI H! WDREG (write Word Probe and GPIB LED Register)

2To clear the Fast-Interrupt Request, the ¢P does a read of the assi
- decaded output performs the reset function and no data is transfsrred,
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The chip-select circuit for System RAM UBG64 consists
of Q842, QO60, CR944, and assoclated components. with
instrument power off, no bias current for Q960 is available,
and the transistor is off. Power for maintaining the stored
contents of the RAM is applied to U664 from the Battery
circuit; with Q@60 off, the chip enable input of U664 is also
pulied HI via R764 to switch the |fO pins to their high-
impedance state. This is the “low-power standby mode,”
and the contents of U664 are maintained as long as the
Vb, supply and CE (chip enable} pins are held
above +2 volts.

When instrument power is applied, a switching circuit in
the Battery stage supplies power for the RAM, and the
normal power supplies provide bias currents for the chip-
select string between U33za and U664, As the power
supplies are coming up, operations on the address bus are
undefined, which could cause U332A to try fo enable
UG64. To prevent this, the RESET signal from the Power-
Up Reset stage is applied to the base circuit of Q960
through diode CR944. This LO keeps the transistor biased
off until the power-up RESET signal returns HI; at which
time the data on the address bus is stable.

With normal power on, when OR-gate U332A decodes
a System RAM access, its output goes LO to turn off
Q842. R56 then pulls up on the base of @960, turning
that transistor on and puliing the chip-enable pin of U864
LO to enable the System RAM. The RAM enable is
removed when the output of U332A goes H, turning Q842
back on and robbing the base current from Q960. With
Q960 off, R764 pulls the chip-enable input of U664 Hl to
disable the RAM.

Miscelianeous Registers

The Miscellaneous Registers allow the System uP tO
initiate and controt varlous processes by writing control
words to two address-decoded locations. The Miscellane-
ous Registers also contain an address-decoded buffer
used to read certain bits of instrument status.

The RESET line holds all of the outputs of Processor
Control Register U860 LO until the Power-Up Reset goes
HI, ensuring that the functions controlied by the PC regis-
ter outputs start in known states. To load UBBO the Sys-
tem pP writes data fo location 6014h, generating an
address-decoded PCREG clock. This rising edge of the
PCHEG clock when the ciock returns HI causes the data
on the data bus to be written into the register. Table 3-2
illustrates the select functions of the PC Register
output bits.

Operation of U760, the Processor Miscellaneous Regis-
ter {(PMREG), Is similar 1o U860 just described. Data is
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Table 3-2
Processor Control Register Functions

Bit Output Name Output Function

0 PAGE-BITO ROM enable selection signals

4 PAGE-BIT1 for Bank-Switched System
ROM.

2 PAGE-BIT2 Select a page in Bank-

3 PAGE-RIT3 Switched System ROM.

4 WPRESET Resets Waveform pP.

5 WPKERNEL Places the Waveform pP in
“Kernel” mode for diagnostics.

6 BUSREQ Sysiem uP requests to take
control of the Waveform pP
busses.

7 BUSTAKE System P takes control of
the Waveform pP address and

_ data busses.

B8 DIAGO Dlagnostic bit 0—verifies that
data can be written to the PC
register.

written into the register with the PMISCOUT (processor
miscellaneous outputs) clock when address 6015h is
decoded by U884. Table 3-3 explains register functions.

The Processor Miscellaneous buffer (PMBUF), U854, at
address 6011h, allows the System wP to monitor the
activities of various other circuits. By reading the data byte
from location 6011h, the System wP can check for the
presence of a Word-Trigger probe and for Waveform pP
and Front Panel xP interrupts. For diagnostic routines and
self-check, correct operation of registers U760, U860, and
U754 is verified by writing known values to the diagnostic
bits (DIAGO, DIAG1, and DIAGZ2) then reading them back.
If both HI'S and LO'S can be written to and read from
these diagnostic locations, fairly high confidence may be
placed in the addressing and selection of the registers and
their data paths.

Battery

The Battery circuit supplies standby power to the Sys-
tem RAM that allows instrument calibration constants and
front-panel settings to remain stored for long periods of
time (greater than three years) when instrument power is
turned off. A switching circuit turns off the battery (BT800)

- current source while normal instrument power is applied. A

battery monitor circuit warns the Front Panel P (and
thereby the user) of a low-voltage condition (indicating that
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Table 33 .
Processor-Miscellaneous Register
(PMREG_) Output Functions

Bit Cutput Name . Ou_tput Functionss

0- MWPDN | Masks off (disables)
- Waveform Processor Done
. - interrupt. _
1 -MSYNTRIG - Masks off Synchronous
: Trigger interrupt.
2 MFPINT Masks off Front-Panel

o .| intérrupt.
3 | STEPCOMP

_ Indicates the AutoStep
Sequencer has completed a
seguence step.

4 U USEQOUT T T Indicates the AltoStep
-Sequencer has completed a
_sequernice..
6 BELL Indicates an event oceurred

which normally rings
instrument's internal warning
bell.

it is_' time to change the battery) or an over-voltage condi-
tion (indicating that reverse current is attempting to charge
the lithium battery).

With normal instrument power applied, transistor Q806
will be turned on by the base-bias voltage-divider circuit
formed by R812 and R815. Base current is then supplied
through Q806 and R8GO to turn on Q804. This is the nor-
mai operating mode, and operating current for Nonvolatile
RAM U664 is supplied via Q804 from the +5 Vp supply.
During normal operation, capacitor C904 is held charged
through CRS02 but isolated Vfrém the RAM power source
by reverse-biased diode CR900.

With instrument power turned off, transistors Q806 and
Q804 are both turned off. The positive charge potential
stored by capacitor C904 forward biases CR900 and pulls
“the chip-enable pin of UB64 HI through R764. This dis-
ables RAM U664 and switches its 1O ports to high-
impedance states. Operation in this state is the “'standby”
mode in which data in U864 is maintained using minimal
Supply current,

The eventual charge loss from capacitor C904 causes
its output voltage 1o drop below that of Backup Battery
BT8O0 (a lithium battery}, and diode CR900 again
becomes reverse biased. The standby current for U664 is

- then supplied from the battery via CR802 (and R900 in the
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return path). Diode CR802 acts as the current switch and
prevents feverse current through the fithium battery during
normal power-on opération.  Resistor R90C provides
reversg-current limiting in the event that CR802 becomes
shorted. : .

BATTERY - WARNING CIRCUIT. Operational amplifier
U940A is a very high impedarice bufier to lirmit current
drain of the battery. its buffered output voltage is applied
to the Front Panel pP {diagram 3) to monitor for both [ow-
voltage and over-voltage conditions of the lithium backup
battery. A battery-error condition found at power-on or
with the Extended Diagnostics will cause the BATT-
STATUS test to fail. That test may then be selected to run
at the next lower level in the test hierarchy to determine if

the battery is undervoltage or overvoltage. The warning _
.girguit is operational.only. when.normal-instrument powersis

applied.  Resistor R802 ' provides = additional. circuit
impedance that prevents any appreciable discharging’ of
the battery by the voltage-sensing circuit, '

'WAVEFORM PROCESSOR SYSTEM

The Waveform Processor System (diagram 2) performs
the high-speed data-handling operations needed to pro-
duce and update displays of acquired data points on the
crt including averaging, enveloping, adding,
and interpolation of the waveform data. It accepts task
information from the Systemn 2P and then carries out the
assigned tasks without further need of the' System pP.
When that task list has been completed, it sends an inter-
rupt to the System wP to inform it that another list of
tasks can be accepted. ‘

The Waveform up memory space is accessibie by the
System uP, allowing the System xP to send commands to
the Waveform uP and to read any desired result of data
location especially for the GPIB' I/O functions.

Waveform pp

Waveform pP U470 is a specially designed, high-speed
microprocessor with a 16-bit muftiplexed data and address
bus and separate 12-bit instruction-address and 16-bit
instruction-data busses. The Waveform uP is clocked at
2.5 MHz and executes one instruction each clock cycle.
Internally the Waveform £P uses a 32-bit wide instruction
word. Therefore, to enable it to obtain a complete instruc-.
tion for execution with each uP cycle, instructions are
"double-prefetched.” Two 18-bit halves of the instruction
are fetched from the instruction bus with each cycle at g
S MMz rate, so that the instruction words are 32 bits wide.

multiplying, -
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Initially, with power-on, WPRESET {Waveform P reset)
from Processor Controlled Register UB60 (diagram 1) will
be 1.0, hoiding the processor reset via U270C. This reset
remains in effect until the System pP writes a Hi bit 1o the
WPRESET output of U8B0 to remove the reset and enable
the Waveform uP. The System uP also holds the
Waveform uP reset while it is updating the command list in
RAM of the next task that the Waveform uP is to perform.
This reset occurs at the completion of each set of tasks
given to the Waveform pP and is released when the new
task list is in place in the Waveform P Command RAM,
u440.

Upon release of WPRESET, the Waveform pP fetches
the first two 16-bit words from its instruction ROMSs, U480
and U490, at a 5 MHz rate and forms them into a 32-bit
instruction word. Waveform pP U470 then executes the
first imstruction and at the same time it “prefetches™ the
rext 32-bit word from the instruction ROM (the next
instruction). The Waveform pP continues fetching instruc-
tions to carry out its internal initialization routine until that
is completed, and it then looks in Command RAM at a
vectored location to find the first task in the task list.

The first instruction in the task list tells the Waveform
#P what is 1o be done. The wP then switches to the rou-
tine in ROM to get the instructions that do that job. Part
of that routine might be to get the arguments for the task.
When the arguments are in place, the Waveform P then
finishes the task routine. When done with the first task,
the Waveform pP looks at the task list for the next task. It
keeps doing the commands and arguments for each task
until the entire task list is done. The last task of every task
list is the WPDN task (Waveform Processor Done). Upon
receiving that task, the Waveform uP sets the WPDN bit
to the System wP Interrupt circuit Ht, informing the System
xP that it is finished. It then enters a “loop forever” state
to wait for its next set of instructions. When the System
uP checks the interrupt register and finds WPDN Hi, it
resets the Waveform uP and writes a new list of tasks 1o
the Waveform pP Command RAM.

WAVEFORM P OPERATION. When the Waveform pP
gains control of the waveform bus, it sequentially moves
the 1024 data points for each channel (512 min/max pairs
in envelope) from the Acquisition Memory {diagram 8} to
the Save Memory (U350). When the Waveform wP does a
display update, it selects the required data points needed
for each waveform display requested (according to the
mode selected) from Save Memory and moves them to the
Display Memory (diagram 16). At the end of the display
update, DISDN (display done) from the Display Control
(diagram 17) goes HI to interrupt the Waveform wP (and
the System uP if the Waveform pP is also done and per-
mits the signal to be gated to the System uP via AND-gate
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U580B, diagram 1). This tells the Waveform pP that the
current display cycle has completed and the next update
to Display Memory may be started.

When in ENVELOPE acquisition mode with more than a
one acquisition accumulation to be displayed, the data
bytes stored in Save Memory are not automatically
overwritten. with each acquisition. As the data byles are
being transferred from Acquisition Memory to Save
Memary, they are compared by the Waveform pP. If the
new data byte does not exceed the current maximum or
minimum value in Save Memory location that it is being
compared with, that Save Memory location is not overwrit-
ten (until the envelope acquisition is reset o start a new
accumulation).

In AVG acquisition mode, data from the Acquisition
Memory is averaged with the waveform data in the Save
Memory, and the Save Memory is then rewritten with the
averaged waveform data. Waveform adds, multiplies,
expansions, and interpolations are performed by the
Waveform P on the Save Memory data prior to transter
to the Display Memory for display.

WAVEFORM »P ADDRESS ENABLING. The 2.5 MHz
System Clack signal CLK1 from the Clock Givider U710
(diagram 7) is inverted by UBBBE and ORed with the
skewed 2.5 MHz CLK3 signal by OR-gate U264B. The tim-
ing of this ORed signal is such that the output of U264B
goes Hl when the address on the input pine of Waveform
Address Registers U562 and U364 is guaranteed to be
valid. Inverter U270B inverts the output from the OR-gate
(WVMA—waveform valid-memory address), and when that
output again goes LO, the rising edge of the inverted
WVMA signal on the clock input of the Waveform Address
Registers latches the 16-bit address from the Waveform
P into the registers.

ADDRESS LATCH. U366, a dual 4-to-1 multipiexer, and
Address Latches U364 and U562 couple a modified
version of the 16-bit address output by the Waveform uP
(DADO-DADF) to the Waveform Processor Address Bus
(WAD-WAF). Addresses latched to the Waveform
Processor Address Bus remain on that bus for the entire
Waveform zP cycle.

Due to its architecture, the Waveform uP outputs
diffierent address blocks than those required to access the
various memories on the Waveform Processor Data Bus
(see Figure 3-2). U366 selects either address bit DADC or
DADB for output to address WAB of the Waveform Pro-
cessor Data Bus, depending on the condition of its three
most-significant address bits, DADC, DADE, and DADF.
AND-gate U276B detects when these bits are all Hl and
outputs a Hl to the “A" select input of the multiplexer.
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With .the “B"-select input held Hi for all Waveform uP
accesses by.. BUSCONNECT, U366 routes DADB to
-address bit WB via address latch U562, ‘

If. any of the. three most-significant - Waveform P
address bits are. low, DADC is coupled to address bit WB.
This action translates the addresses oufput by the
Waveform uP to those required on the Waveform Proces-

. sor Bus, : -

If BUSCONNECT is LO, the access is a System Pro-
cessor access and BUSGRANT is-HI, BUSGRANT dis-
ables the Address Latches and the decoding action of
U366 does not affect the address on the Waveform Pro-
cessor Bus. BUSGRANT is inverted via U254B enabies

the Bus Connect Address Buffers to connect the System

--Address.Bus-to-the-Waveform-Processor Bus: =~ ~

. Test point TP562 on address line WAA provides a
trigger source for an external test oscilloscope when exa-
mining address waveforms in the Waveform xzP “KER-
NEL” mode. As the KERNEL mode exercises address
lines WAQ-WAA, WAA is used as the trigger point.

WAVEFORM 1P HEAD/WRITE ENABLING. Once
iatched, the address is removed from the bus -and,
depending on whiether uP U470 is supposed to be reading
or writing, data will be read into the processor from data
bus buffers U360 and USB0 or written to the WD
(waveform data) bus via U360, a bidirectional data bus
buffer. To read data into the processor, the HI RIW (redd-
write) signal is applied to-NAND-gate U870C where it is
NANDed with CLK1. During the half period that CLKT is Hi
(CLK1 is LO), the gated output from US70C is the WRD
{waveform processor read) in its LO {asserted) state. The
LO is applied to the direction-enabling input of bidirectional
buffer U360 via U542B. This LO enables U360 for a read
from the WD (waveform data) bus, and the addressed 8-bit
word on the WD bus is applied to the center eight lines of
the processor 16-bit address/data-bus.

The four least significant bits (LSB) and the four most
significant bits (MSB) of the data applied to the WD. bus
come from buffer U560, which is enabled via U250B and
U250A for processor reads. The four LSBs are always L.O
(guard bits}, while the four MSBs will be set to the same
level as the WD7 bit (sign-extended) of the center eight
bits. This placement of the 8-bit data in the center of the
16-bit bus provides a reasonable tradeoff between
dynamic range (12 bits) and guard bits (4 bits).

To write data out of the Waveform 4P to the WD bus,
© the WRD level applied to the direction-enabling pin  of
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U360 will be HI. The cénter eight bits of the Waveform pP
data -bus will then be buffered onto the WD (wavefarm
data) bus by U360 and.written to the currently -addressed
tocation. During writes to the WD bus, the HI level of WRD
disables buffer U560, via U2508 and U250A, to isolaté it

from the Waveform P address/data bus.

SYSTEM pP ACCESS. When the Syster uP needs to
do an access-in the Waveform uP address space, it
checks its software topy of PCREG to see if the
Waveform uP is reset. I it is not reset, the System pP
asserts BUSREQ (bus request) to the Waveform uP and
waits until the Waveform pP outputs a BUSACK (bus
ackhowledge) to OR-gate U332D. The output of U332D is
the BUSGRANT signal' that, when HI, disables the
Waveform uP data buffers, address registers, and mermioiry

When Waveform uP U470 is being held teset {inactive)
and cannot. possibly respond to a BUSREQ, the -System
uP instead asserts BUSTAKE to OR-gate ‘U332D when it
needs to take control of the Waveform uP.address space.
The System uP can also assert BUSTAKE during diagnos-
tics in the event of a Waveform uP failure to release the
bus after a BUSREQ is given.

With BUSGRANT asserted HI, the inverted BUS-

GRANT, BUSGRANT is output by inverter U254B angd

enables Bus Connect Address Buffers U262, U260, and
U564, The enabled buffers connect the System uP
address bus and control signal lines to their counterparts
from the Waveform uP. The Bus Connect Data Buffer
U552, a bidirectional device, is then enabled and directed
by control signals from the System uP for data transfers

-to and from the Waveform P data bus.

Decoding circuitry uses the. signals WPRAM MAIN,
MAIN2, and HMMIO; System-Address bits A3, A4, and
AF; and BUSTAKE/BUSGRANT to determine when to
enable U552 and connect the System -Data Bus to the
Waveform Data Bus. The addresses that produce
accesses 1o the Waveform RAM (and require U552 to be
enabled) are shown as are noted on the memory map, Fig-
ure 3.2, (Also, see “System Address Decode”, appearing
earlier in this section.) - ‘

‘The Bus Connect Data Buffer is enabled when the out-
put of the dual-input AND-gate U432D steps HI and the
output of U254D steps LO. With BUSGRANT asserted HI,
the outplt state of UBS0A depends on the state of its
other input which is controlled by the output of OR-gate
UBS0A. Any HI on UB50A's inputs drives its output LO,
This LO output holds the output of U432D LO and U552
disabled HI via U254D.
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One input to UB50A is BUSGRANT. Since BUSGRANT
is HI, BUSGRANT Is LO a few nanoseconds after BUS-
GRANT enables. While HI, BUSGRANT holds UBS0A’s
output LO, preventing transients from enabling the Bus
Connect Data Buffer. After the few nanoseconds
BUSGRANT has no effect on decoder operation.

If the address-bit AF is Hi at the input to NOR-gate
UB50A, the address on the System Address Bus is
between B000h-FFFFh. These addresses map only to Sys-
tem ROM: therefore, the access cannot be a Waveform
Processor access. The HI AF-bit at the input to U850A
holds its output LO and, via inverter U254D, the Bus Con-
nect Data Buffer is disabled.

If either MAIN or MAINZ are LO, the Systemn Processor
is accessing the 4000h-4FFFh or 7000h-7FFFh address
space, and WPRAM determines whether the access is to
the Waveform RAM space. If WPRAM is disabled LO at
the inputs to OR gates UB40A and UB40B, one of the oui-
puts of those gates will be LO, depending on which signal,
MAIN or MAINZ, is also LO. The LO output will be
inverted HI by either U254C or U254F, and the output of
NOR-gate UB50A will be LO. Again via inverter U254D, the
Bus Connect Data Buffer is disabied.

If WPRAM is enabled HI, the outputs of both UB40A
and UB40B are HI and are inverted LO by UU254F and
U254C, respectively, Since this is not a System ROM
(AF-bit) or a HMMIO access, the rest of the inputs of
UB50A will be LO and the output of UB50A will go HI. The
Bus Connect Data Buffer will be enabled by the LO at the
output of inverter U254A.

If HMMIO is HI at the input to U874B, the access s for
the B0O0OOh-6FFFh address space. Whether or not the
access connects the System Processor the Waveform
Data Bus depends on System Address Bits A3 and A4.

For 6000h-6FFFh addresses in the eight upper ranges
(6018h-601Fh, 6038h- 603Fh, ete.), both bits are HI; for
the eight lower address ranges {6000Nn-6017h, 6020h-
6037h, etc.), at least one of the bits will be LO. With one
or both of the A3 and A4 bits LO at NAND-gate U874D,
its output must be HI. This Hi is coupled to one input of

. NAND-gate UB74B (the other input of UB74B is held HI by

HMMIO) and its output is forced LO. This output is con-
nected to the input of UB74A, an inverter-configured
NAND-gate, and holds the output of the device and the
input to NOR-gate UB50A HI. The Bus Connect Data
Buffer is held disabled as previously described.

If both A3 and A4 are Hl, NAND-gate UB74D's cutput
goes LO. This LO drives the output of NAND-gate UB74B

HI and the output of UB74A LO. With the other inputs 1o
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US50A LO, its output goes H! and enables the Bus
Connect Buffer via U254D. Waveform uP RAM

To summarize, the conditions that must be present for
the decoding circuitry to produce an enable to the Bus
Connect Data Buffer are:

1, BUSGRANT LO—Waveform uP has relinquished
the busses;

2. MAIN and MAINZ HI—This is not a “System RAM”
Main Memory access;

3. Address bit AF is LO—This is not a “System ROM”
access, and either:

a. HMMIO is LO—The address is not a System pP
memory-mapped [/O location, or

b. It is a memory-mapped I/O location and address
bits A3 and A4 are Hi (the address is within the
top eight 1/O addresses ranges of the
System uP).

Addresses residing in the System uP memory space
should not access the Waveform pP memory space, and
are thus excluded from access by U850A and the associ-
ated input logic gates. Addresses not excluded will cause
a System pP access into the Waveform pP memory space.

Waveform uP ROM

The Waveform pP BROM consists of two BK-Xx-B-bit
ROM devices connected in paralle! to form an 8K-x-16-bit
storage memory for Waveform uP waveform data handling
commands. The Waveform uP “double-fetches” data from
this ROM space by reading in two 16-bit bytes of com-

- mand data during each Waveform gP clock cycle. This

method of reading the commands makes the Waveform uP
command memory space look like a 4K-x-32-bit ROM.
The 32-hit instruction word formed by the two fetches ade-
quately defines any Waveform uP operation and allows the
Waveform uP to execute one instruction for each 2.5 MHz
clock cycle. '

The chip-select pins of Waveform zP ROMs, U480 and
U490, are both connected to a +5-V supply through
R376. During normal operation, Waveform KERNEL
jumper (P128) is installed, and the chip selects of both
ROMs are shorted to ground and are constantly enabled.

The addresses of instructions to be read are deter-
mined by the 12 instruction-address bits output from the
Waveform P and by the state of the 5-MHz ciock. The 12
address bits from U470 are the most significant address
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bits for any given instruction. The 5-MHz clock apphied to
ROM address inputs AQ through delay line DL580 and
associated components delays the least significant
address bit enough delay to provide the. needed data-hold
time. .‘The.state of the 5-MHz clock will be LO to access
the first 16 bits of an instruction word. The state of the Al
- address line then goes i, and the second half of the 32-
bit instruction is obtained from the next higher merhory
location. This address selection scheme is the “double-

fetch” of Instruction data mentioned previously in the

Waveform pP description.

Removing jumper P128 disables the Waveform ROMs
and places their outputs into the high-impedance state.
The pull-up and -pull-down resistors’ within resistor packs
R474 and R590 place a “NOP” (no-operation) instruttion
byte on the instruction bus. A NOP command causes the
Waveform xP to increment through the first 12 bits of its

- address range on the-16=bit DAD"bUS" dnd thrdugh all the

addresses of its |A bus. This “KERNEL" mode allows the
Waveform uP address bus ‘and address decoding to be
exercised for troubleshooting and diagnostic purposes.

Address Decode

The Address Decode circuit monitors the Waveform uP
address bus to develop the appropriate enabling signals to
the memory or /O device that is to be accessed.

Block decoding is done by one-of-eight decoder U570,
which uses address lines WAC-WAF to separate the
addresses below 32K into eight 4K blocks. Decoder U570
is enabled when a valid address (WVMA HI} below 32K
(address bit WAF LO) is placed on the meniory address
bus by either the Waveform xP or the System uP. The

‘next three lower address lines (WAE, WAD, and WAC)
determine which one of the eight citputs of the Decader
will  be selected. Table 3-4- |lustrates this
address decoding. '

' ADDRESSES 0000h-1FFFh. Accesses in this Bk Block
are mapped to U350, the Save RAM. fHU570, a 1-of-8
decoder, outputs a.LO at eithér YO or Y1 for all addresses
within this block and His on Y2-Y7. A LO at either YO or
Y1 causes AND-gate U580C {functioning as a negative-
logic OR gate) to output a LO SAVE enable. This LO is
inverted twice via Q244 and Q332 and holds the chip-
select input of Save RAM U350 eriabled LO. Since this
address block is the only block that accesses the SAVE
memory, when other address blocks are decoded by U570
(in the descriptions to follow), YO and Y1 are HI and U350
disabled via Q244 and Q332.

NOTE

The chip-select circuit between the SAVE ottput of
Ub80C and RAM U350 is identical to that for the
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System uP RAM (U664, diagram 1). The circuit
ggtermines chip selection during normal operation
and [solates the Save RAM chip-select input when
power /s off. See the descriptions in “Batfery™ and in .
‘Battery-Backup  for ~ Save Memory®  for
more information.

The Save RAM is divided into four 8K pages with only
two pages used. Since the 0000h-1FEFh addresses can
only address 8K of memory, ‘the two bits, SVPGO and
SVPG1, select which 8K -page the 8000h-1FFFh addresses
(ar 8K address block) map to by controlling address bits

~ AD and AE of U350. These fings, in turn, are conirolled by

the two lower Waveform Data Bus bits WDO0 and WD1 via
the Interrupt Lateh U550,

Normally, SVPG0Q and SVPGT are always set HI allow-

) f_r!g;ﬂle_.;8_&_..addr._ess=.=block,...to-s-.always-—- -agdress-the ~same

Page. However, when the Vertical mode is ADD or MULT
at the same time the Acquire mode is ENVELOPE,
additional Save memory space is required. Therefore, the
Waveform pP wil switch those fines LO to select another
page as required. The. System zP also switches those
iines via the Waveform Data Bus when running internal
diagnostic checks on the Save RAM.

Writing to or reading from any of the Waveform kP
RAM space Is done via bidirectional Bus Buffer u3sz.
When Save RAM U350 is selected by the SAVE iine going
LO, U352 is also enabled via AND-gate U580D. The state
of the WWR (waveform write) control line determines the

direction of the data transfer.

ADDRESSES  2000h-4FFFh  and 6000h-6FFFh.
Addresses in these ranges select either Y2 { DISP ) Y3
( DATT ), Y4 (ACQ ), or Y6 { WHMMIO ). DISP , DATT ,
and ACQ , are used to select the Display and Display
Attribute  Memories (diagram - 1 6) and the Acqguisition
Memory (diagram 8) respectively. WMMIO (Waveform
Memory-Mapped 1/O) is used to select the Register
Decoding Circuitry.

With the output of US80C HI for all accesses in this
group, YO and Y1 hold Save RAM U350 disabled {see
“ADDRESSES 0000h-1FFFh" discussion). The .HI SAVE
also holds the input to USBOD HI: the other input to
U580D is held Hi by the output of U432A. The output of
U432A is HI because one of its inputs is heid HI by Y5 and
the other held HI' by Y7 {via OR-gate U132C). The His at
both inputs to USBOD hold the Waveform Data Buffer dis-
abled for all accesses in this group. .

When WMMIO (6000h-6FFFh) is decoded LO, decoder
U540 is enabled. U540 operates similarly to U570 and
uses address lines WAO-WA4 to produce its various /O
enabling outputs. Address bits WA3 and WA4 are used as
chip selects and cause the output of U540 to fall into the
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Table 3-4
Waveform pP Address Decoding

ADDRESS BITS
OUTPUT SIGNAL {Active L.O)
WAE WAD WAC
LO LO LO (Y0 or Y1) SAVE from NAND-gate
LO LO HI U580C to enable the SAVE memory.
LO HI LC (Y2) DISP—Selects display memory.
LO HI HI (Y3) DATT—Selects attribute memory.
HI LO LO (Y4) ACQ—Selects acquisition memory.
Hi LO HI (Y5) WPCMDN/COEFF—Selects either the command or the coefficient memory.
HI HI LO (Y6} WMMIO—Enables Waveform uP memory-mapped I/O Decoder U540.
HI HI HI (Y7) WPRAM2—Decoded 1o enable waveform processor RAM U440,

eight locations immediately above those of Decoder U884
{diagram 1) for System puP memory-mapped l/O.

The outputs of U540 aliow the accessing processor to
read the display status ( SSREG ), to read the two-byte
address of the last-acquired point ( RDMARO and
RDMART ), or to latch the present interrupt status
( COMREG ). {See the "Display Status Register” and
“Interrupt Latch” descriptions for further explanation.}

ADDRESSES 5000h-5FFFh. This 4K block of addresses
is decoded as an access to the Waveform Processor
Coefficient-Temp Memory in RAM U440. With a 5XXXh
address, U570 decodes WPCMDN COEPF LO and sets its
other 7 ocutputs Hl. The LO at the input to AND-gate
U432A holds its output LO, and this LO holds U440
enabled for access. (The HI SAVE disables U350 as
previously described).

The LO at the output of U432A is also coupled to the
input of US80D. With a LO at the input to this AND-gate,
its output is LO and U352, the Waveform Data Buffer, is
enabled to connect the Waveform Data Bus fo the
Waveform Processor RAM.

ADDRESSES 7000h-7FFFh. Addresses in this range
select WPRAMZ LO. Assuming BUSGRANT and WPRAM
are both LO at the inputs to XOR-gate U130A, both inputs
to OR-gate U132C are LO and its output is also LO. This
LO forces the output of U432A LO and enables U440
RAM. The same LO also enables the Waveform Data
Buffer via U580D to connect the Waveform Data Bus to
the Waveform Processor RAM.

The System Processor can also access this address
bus by asserting BUSGRANT and WPRAM HI. The two Hl

inputs to XOR-gate U130A produce a LO at its ocutput.
The Waveform Data Buffer is enabled and the Waveform
Data Buffer are enabled as was just described for the
Wavefarm Processor access for this address group. BUS-
GRANT disables the Address Latches for the Waveform
Processor and is inverted to enable the Bus Connect Cir-
cuitry to connect the System Address Bus to the
Waveform Address Bus. The Bus Connect Data Buffer is
enabled to connect the System Data Bus to the Waveform
Data Bus.

Waveform uP RAM

The Waveform pP RAM is used for storage and mani-
pulation of waveform-display data. The RAM space is
divided up into four memories consisting of the 32K-3{-8-

bit “Save Memory” RAM space, the 2K- ¢ -8-bit
*Command-temp” RAM  space, the 2K-X-8-bit
“Coefficient” RAM space, and the “Interpolation”
RAM space.

The 32K-x-8-bit Save Memory, U350, is where the
Waveform pP places acquired waveform data that should
be retained with power off. Waveforms stored in the Save
RAM are retained for up to three years at room tempera-
ture with the power off by the Battery Backup System
(see “Battery” in this section.

The 8K-x-8-bit RAM, U440, is where the Command-
Temp, Coefficient, and Interpolation RAM spaces reside:
The Waveform pP uses the Command-Temp RAM space
for storage of commands 1o ihe Waveform P from the
System pP and for temporary scratch-pad storage of
display calculations in process. The Coefficient RAM space
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is used only for further scratch-pad storage. Interpolation
RAM is used for storing interpolation calculation uged for
the MEASURE feature of this scope.

Reading from and writing fo the Waveform uP RAM
selected by the Address Decode circuit are controlled by
the WRD (waveform read) and WWR {waveform write) sig-
nals respectively, . :

RAM Buffer

The RAM Buifer U352 allows data transfers to and

from the Waveform pP RAM to take place. The buffer is
enabled by US80D when any of the Waveform #P RAM
locations are addressed. Buffer direction is determined by
the WWR level.

Battery-Backup for Save Memory... ... ... . .......

The waveforms -stored In Save Memory U350 are main.-
tained when the power Is off. The Battery-backup Circuit
previously deseribed provides - supplies . power to Save
RAM U350, as well as System RAM whiie power is off.
For operation of this circuit see “Battery” in this section
for.more information.

_As was true for the chip-select. circuitry. for System
ROM, undefined operations on the address bus can cause
the chip-select circuit enable U350 as the power supplies
are brought up at power-on. To prevent this, the base cir-
cuit of Q332 through diode CR244. This LO keeps the
transistor biased off and U350 is disabled until the power-
up RESET signal returns HI; at which time the data on the
address bus is stable.

Display Statusr Register

Display Status Register U542A aliows the controliing -

processor (System uP of Waveform pP) to read the status
of the Display System operations. The address-decoded
SSREG (sub-system status register) line from Decoder
U540 enables buffer U542A to place the DISDN (display
done) and ACQDN (acquisition done) signals on the WD
bus where they may be read. These status bits are used
by the reading uP to determine when 1o execute the next
phase of a display or acquisition sequence,

Interrupt Latch

The interrupt Latch (U550) allows the Waveform uP .

operations to interrupt the System wP. for servicing and,
when servicing Is completed, allows the System pP 1o
-reset the interrupt.

To write data into the latch, the controling uP
addresses location 6019h, causing the COMREG line from
U540 to enable U550. Data from the WD bus is writien

into the latch on the rising edge of the WWR pulse. The &

- ouput from pin 10 (MDISDN) of the latch is applied to
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AND-gate U580B (diagram 1 ) where it either masks the

~-DISDN (display done) interrupt from the System wP when

it occlrs or lets the interrupt pass. Masking the DISDN
interrupt from the System P permits the Waveforri P to
have first access to thé Display’ Systern for display
updates before the System xP sees that the Display Sys-
tem is finished with its last task. The Q output bit on
pin 15 is the WPDN (waveform processor done) interrupt
and provides the Waveform uP with a way of telling the
System uP that it is done with its assigned task and is
ready- fo accept another. The output -bit on pin 15 is
applied to Display Status Register U542A and is used for-
write-readback verification of U550 and U5424 during the

* self-check and othar diagnostic routines.

The other two Q outputs, SVPGO and SVPG1 at pins 2
and 7 respectively, control which of four 8K pages is
selected when Save RAM_ U350 js  accessed. ..See

‘Address Decode® earlier in this section for
more information. '

FRONT PANEL PROCESSOR

The Front Panel Processor (diagram 3) monitors the
settings of the pots and switches of the Front Panel
(diagram 4) and the Auxiliary Front Panel {diagram 6). The
Front Panel xP allows quick system response to changes
in front-panel settings without excessive use of time by the
Systemn uP. The Front Panel Processor system consists of
the microprocessor integrated circult with a built-in RAM,
ROM, and A/D converter (for digitizing the potentiometer
wiper voltages); the handshake logic between the System
uP and the Front Panel uP (io synchronize data transfer
between processors); and the data bus interface to pro-
vide the actual data transfers between busses.

Front Panel xP .

Front Panel uP U700 does the reading of the front-
panel pots and switches. It continuously scans the front-
panel- control settings and compares them- against the
vélues stored in its internal RAM. When. a change is
detected, the Front Panel uP issues an interrupt to the

. System uP. The System uP then handles the interrupt and

reads the changed data from. the Front Panel 1P to update
fts control-setting values. The Frant Panel ©P aiso updates
the current value list stored in its RAM for further use.

Front Panei wP U700 is externally clocked by the

4 MHz system clock applied to the external clock input -

(EXTAL). Initially, the LO state of FPRESET on the INT,

input (pin 18) will clear all the internal registers of the Front

Panel uP. When FPRESET goes HI, the uP executes the
power-up self-test instructions stored in ROM space within
the uP integrated circuit. When the self test has com-
pleted, the Front Panel uP sends the diagnostic result byte
to the System wP and branches to its main program. The



main program routine sets up the data direction for the
various port lines, sets the ANDO-ANG {analog inputs 0-3} to
their analog input mode, and receives the eight front-panel
configuration bytes from the System pP that define the
manner in which the various front-panel switches and pots
operate. It then begins scanning the front-panel pots and
switches for their initial settings. After the initial values are
determined and stored, the Front Panel P sends those
coded values back to the System pP in an 11-byte mes-
sage (10 data bytes pius an end-of-message byte) to
update the front-panel information held by the System uP.
It then begins scanning the front-panel controls for
changes from the currently stored front-panel values.

To read front-panel pot settings, the internal A/D con-
verter of the Front Panel wpP performs an B-bit,
successive-approximation conversion of the analog levels
applied to the ANO and ANZ2 inputs by a selected poten-
fiometer. These analog input signals come from 8-input
analog multiplexers U902 on the Front Panel (diagram 4)
and UB0D on the Auxiliary Front Panel (diagram 6). A
specific pot to be read Is selected by the multiplexer under
control of the MUXSELO, MUXSELT, MUXSEL2, and
MUXINH (multiplexer inhibit) output lines from the Front
Panel u«P. These select signals, in combination with the
selected A/D (AND or AN2) input, define the pot being
read. The voltages monitored on the AN1 and AN3 analog
inputs are also digitized by the internal A/D converter to
detect Main board temperzture (MBTEMP) changes {not

used at this time) and i lithium backup battery BT800

(diagram 1) Is either low {needing replacement} or being
charged (not allowed).

To read the front-panel switches, the Front Panel uP
first sets one of the front-panel switch-matrix rows Lo,
using the MUXSELO-MUXSEL? outputs. !t then sets its
S/T (shift/load) output on pin. 28 LO. The LO does a paral-
lel load of the switch-closure data into shift registers uon4
(diagram 4) and U700 (diagram 6). The shiftilioad line is
then set HI {shift mode), and eight shift clocks (SHCLK)
are generated to move the switch-ciosure data serially
onto the SW OUT (froni-panel switch data out) or the SW
OUT A (alxiliary front-panel switch data out) lines, where
it is read by the Front Panel pP. This cycle is then
repeated for the seven remaining rows of the matrix to
read all the swiiches.

When the Front Panel zP detects a change in either a
switch or a pot setting from its currently stored values, it
places a code identifying which control setting changed on
its PAD-PA7 outputs, and it then sets the WRTOHOST
(write to host) signal HI to clock Handshake Logic flip-flop
U861B. The resulting Hl on the Q output of the flip-flop is
the front-panel interrupt (FPINT) to the System gP, telling
it that the front-panel settings have been changed.

Theory of Operation-—2440 Service

The System wP handles the interrupt by reading the
byte from the Front Panel uP; and then, via the
Handshake Logic, it resets flip-flop UB61B to remove the
interrupt and set HOSTDNRD (host done- reading) HI. This
signals the Front Panel uP that the System pP has read
the code identifying the changed control. The Front Panel
uP then places the new contral-setting value on its output
bus and reasserts the front-panel interrupt using the
WRTOHOST line to again clock flip-flop U8618.

The System P then reads the changed-data bytes for
the identified control(s) {(either three bytes or five bytes
depending on whether one or two control changes are
being sent} and reasserts HOSTDNRD, Changes of up 1o
two controls are remembered by Front Panel uP U700 so
that if the System wP is busy, the control changes are not
lost while the Front Panel pP is waiting to make the
transfers. |f more than two controls are changed before
the System pP has time to read the changes, the oldest
change is written over and lost. ’

The WRTOFP (write to front-panel processor) input to
U700 at pin 3 is set LO (via the Handshake Logic) when
the System P wants to input data to the Front Panel uP.
The Front Panel uP then reads one byte of data from the
System gP in a manner similar to that just described for
transfers from the Front Panel P to the System uP. This
mode allows the System pP to change the current cantrol
configuration list stored in the limited RAM space of the
Front Panel xP. This list defines how the operation of pots
and switches is to be interpreted (for example, momentary
contact or toggle switches).

Jumper J155, connected to the PC; and PD; inputs, is
used to enable diagnestic test routines that verify func-
tionality of U700. The test routines may also be used to
troubleshoot the Front Panel Processor system. These
tests are explained in the Diagnostics portion of the
“Maintenance” section of this manual.

Handshake Logi¢

The Handshake Logic circuit, formed by NOR-gates
UB62A, B, C, and D and fiip-flops U861A and B, controls
and synchronizes data transfers between the System pP
and the Front Panel uP.

Data transfers between the two processors are initiated
by interrupts that signal the destination processor that ser-
vice is requested. When the Front Panel pP has changed-
value data to give to the System #P, it will place the data
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bytes.to be given to the System P on its PAg-PA; (port
A—~bits 0 through 7) outputs. It then asserts WRTOHOST
(write to host) HI, clocking the FPINT (front-panel interrupt)
at the Q output of U818 HI. ‘

Depending on what the System wP is doing, it may
either service th‘e_ interfupt request immediately, or it may
wait for time to be available. When it responds to the inter-
rupt, it does a read of the Front Panel “register” at
address 6209h. The decoded FPREG signal from Trigger

Holdoff Decoder U781 (diagram 12) allows OR-gates

UB62B and UBB2C to pass the WR or RD signals. For a
read, both input pins to UB62B are LO, causing the outplit
of U8B2A to go LO. This enables buffer U751, placing the
data from the Front Panel uP on the System uP data bus
(FPO-FP7) and, at the same time, resets fiip-flop U8BE1B.
Resetting UB61B removes the front-panel interrupt and

- sets H.OSTIZDNRD-(hos-t=dene=—re-ading-}*tc‘ U700 Hiv =

When the System uP needs to write to the Front Panel
uP, it writes data to address 6209h. This latches data from
the System uP data bus into redister U742, The enable to
U742 is via UBB2C. The latch enable also resets the Q
output of flip-flop UBG1A LO via U862D to produce the
WRTOFP (write to front-parel) interrupt to U700. Latching
data into U742 immediately frees the System uP 1o
resume other tasks, since it doesn't have to wait for the
Front Panel uP to service the interrupt.

When U700 services the interrupt by the System pP, it
sets FPRD (front-panel reading) LO and enables the
latched data in register U742 onto the Front Panel data
bus. It then reads the data into Hs internal registers and
asserts FPDNRD (front-panel done reading). FPDNRD
going HI clocks the FPDNRD status bit from flip-flop
U8B61A pin 6 HI. to signal the System uP- that it Is done

“reading the byte and removes. the WRTOEP interrupt
present on U861A pin 5. Each data byte transfer from the
System pP to the Front Panel uP and vice versa is done
ustng the two handshake routines just described.

Trigger Status Indicators

The Front Panel Trigger Status Indicators provide visual
information regarding trigger slope and trigger status to
the user. Data written to LED Register U741 from the Sys-
tem xP turns on the LED that reflects the current trigger
status. A LO output from U741 turns on the associated
LED. The LED Register is enabled by a System uP write
to address 6208h. Trigger Holdoff Decoder U781 (diagram
12) produces the decoded LEDREG signal that enables
data at the input pins to be latched when the W clock
. goes HL. ‘ ‘
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FRONT PANEL CONTROLS

~ The Front Panel Is the operator's interface for- contrgl-
ling the user-selectatle oscilloscope functions.

All of thé Front Pane! controls {diagram 4) are ‘“‘soft”
controls in- that they are not connected directly into the
signal path. Therefore, asscciated circuits are not
influenced by the physical parameters (such as capaci-
tance, resistarice, ‘and inductance) of the controls. in addi-
tion, converting the dnalog output levels of the potentiom-
eters to digital equivalent values allows the System P and
the Front Panel uP to handle the data in ways that
enhance control operation.

The variables defining the current settings of the control

_Pots and the front-panel switches.are-stored-and-continu-

ally updated in Nonvolatile RAM U664 (diagram 1) by the
System wP. The data remains stored when the oscillo-
scope is turned off so that when ‘the scope is turned on
again the System uP returns to the .same front-panel
setup that was present when the scope was turned off.

Front-Panel Switch Scanner

The Front Pane! switches are arranged in an electrical
array of eight rows and six columns. Switches are placed
at row-column intersections, and when a switch is closed,
one of the row lines is connected to one of the column
lines through an isolation diode. Checking for switch condi-
tions (open or closed) is done by setting a single row line
LO and then sequentially checking the six columns to
determine if a LO is present on any of the column lines,
After each calumn line in a row is checked, the current
row-line is reset H! and the next row line is set LO to
check the next six columns. A complete check of the
front-panel switches consists of setting all eight row lines
LO in order and performing -a six-column scan for each
column to check for a LLO. :

A row is selected for checking by the Front Panel uP
(U700, diagram 8) when it switches the MUXSEL lines
(0-2) applied to muitiplexer U903 to sét a row line LO. Ta
check the columns,. the processor pulses jts S/L
(shift/load) select line to shift register US04 first LO and
then HI. This causes a parallel load of the six column-line
bits (plus the seventh and eighth bits tied HI by R834) into
the shift register. The processor then generates eight shift
clocks {SHCLK) to U904, serially shifting the switch’ data
out on the SWOUT (switch data out} line. The serlal data
bits are applied to the PBO input (pin 25) of the Front
Panel uP to be checked. Any LO bits in the column-line
data tell the uP that a switch is closed. Since the Front
Panel P knows which row line it set LO, it can determine
from the position of the LO bits in the serial data string
which of the switches are closed.



In additon to the front-panel push-button and
continuous-rotation switches connected in the switch
array, there is a rate switch associated with the Horizontal
Position, the CH 1 Vertical Position, the CH2 Vertical
Position, and the Cursor Position potentiometers. These
switches are normally closed in the center positioning
range of the associated pot. When the pot is rotated in
either direction out of this range, the rate switch opens.
The open switch signals the Front Panel pP that the asso-
ciated control function has changed from normal (absolute)
positioning to a faster, rate-change positioning mode.
Rotating the pot stili further into the rate region causes the
associated on-screen display position to change at a stil
faster rate. When the pot position is returned to its center
range (rate switch closed), further positioning of the asso-
ciated display occurs frorn where the rate function posi-
tioning left off.

Pot Scanning

The Pot Scanning circuitry, working -together with the
A/D converter internal to Front Panel pP U700, produces
digital values for the wiper voltages of the front-panel
potentiometers and for the voltages monitored by the aux-
iliary front-pane! circuitry. Analog multiplexer U902 selects
which of the eight front-panel pots are read. (Trigger Level
control ROD2 and Holdoff control R901 are continuous-
rotation potentiometers made up of two separate resistive
elements each.) Analog multiplexer U600 (diagram 6)
selects the auxiliary front-panel value to be read.

Three MUXSEL contro! lines to multiplexers U802 and
UB00 select the pot or value to be read. The analog volt-
age level at the wiper of the pot selected by U202 is out-
put at pin 3 (ADUTD) and is applied to the Front Panel pP
at pin 21 (analog input ANQ). Analog voltages selected by
multiplexer UB00 are applied to analog input AN2, The
voltage levels at these inputs are digitized, and the amount
and direction of changes from the previously stored values
are calculated. Changed values are stored in the internal
RAM of U700 for comparison during future scans, and the
change data is then relayed to the System uP. That
change data is used by the System uP to update its
current control settings and pot values list and to update
the front-panel variables in Nonvolatie RAM U664,

SYSTEM DAC AND ACQUISITION
CONTROL REGISTERS

The System DAC and Acquisition Control Registers cir-
cuitry (diagram 5) Is used to set various analog reference
voltages throughout the instrument and controls such
things as preampiifier gain, vertical position and centering,
trigger levels, holdoif time, common-mode rejection, grati-
cule flumination, and CCD offsets.

Theory of Operation—2440 Service

The System DAC portion of the circuitry consists of a
data latch that stores the digital value to be converted, a
D/A converter that does the actual conversion, a multi-
plexer system to route the resulting analog voltage to the
proper control circuit, and a sample-and-hold system that
stores the analog levels between updates. Much of the
multiplexing and sample-and-hold circuitry is shown in
diagram B, System DAC (cont) and Auxiliary Front Panel.

The other portion of diagram 5 is the Acquisition Con-
tro!' Registers circuitry, used by the System uP to set up
the acguisition and triggering modes. The System DAC
poriion is described first.

D/A Converter

The D/A Converter stage, UB60, converis the digital
value written into registers U850 and U851 by the System
4P into two complementary output currents. (Complemen-
tary in this case means that the sum of the two currents
equals a predefined value.) The digital data bits to be con-
verted are serially clocked into the shift register from data
bus line D7 (via U280). Sixteen data bits are sequentially
placed on data bus line D7 and clocked into the shift regis-
ter on the rising edges of 16 WR pulses (clock is via
U280A and U2BOBY. As the bits are being loaded into the
registers, the DAC output current does not correspond to
any useful value, but the multiplexers used to direct that
output to the following stages are not enabled during load-
ing. After alt 16 bits have been clocked into the register,
the inputs to DAC UBB0 will be at their proper levels and
the DAC outputs will be valid levels. One of the multi-
plexers may then be enabled by the System uP using the
DAC MUX enables via register U272.

Only the first 12 bits (DACC through DAC11) of the 16
bits loaded into the registers for are used for conversion
data. The next three higher bits are used as 1-0f-8 select
bits to the four analog multiplexers that route the DAC
output voltage to the proper Sample-and-Hoid circuit. And
finally, the MSB of shift register UB51 is used in a write-
readback operation that allows the operation of registers
U850 and U851 to be checked by the System uP during
self checks and diagnostics.

The magnitude (range) of the DAC output currents is
set by the voltages applied to pins 14 and 15 of UBGO.
Pin 15 Vper- is tied to ground through R761. The refer-
ence voltage to pin 14 is applied via a voltage divider
(R760 anc R860) between the +10 Vger supply and the
output of the DAC Gain Sample-and-Hoid, U6E0. The Sys-
tem uP enables self-calibration of the gain of UB6O via this
Sample-and-Hold circuit. Gain changes are explained in
the discussion of the DAC Gain Self-Calibration circuit.
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~ DAC )-TO-E CONVERTER. This circuit changes the
differential output currents from DAC U860 into a single-
ended output voltage that is routed to a selected Sample-
and-Hold circuit via one of the analog multiplexers,

The output gurrents from DAC U860 develop a voltage
drop across the resistive networks at the inputs to opera-
tional amplifier UB61C. The equivalent input impedance at
both inputs is approximately. 200 ohms; 50, when both
currents are equal (middle range of the DAC), the output
voltage of operational amplifier U661C will be close to zero
volts. An offset current is added to the, non-inverting input
node via RE66 to precisely set the midrange value to zero
volts. The gain of UBB1C is set by the ratio of R663 to
R664, and the {calibrated) output voltage ranges from
—138Vto +1.36 V.

~ DAC OFFSET. The DAC Offset level is self-adjusting
and is updated via DAC Offset Sample-and-Hoid U850
each time the DAC System cycles through its DAC chan-
nels to update its control lavels.

At the beginning of each DAC-update cycle, the System
wP writes 0800h to DAC input shift registers U850 and
UB51; this corresponds to zero volts {center of the DAC
range). The DAC output currents representing zero volts
are converted by the DAG |-to-E Converter US61C to a
voltage that is applied to UB50 via multiplexer U651. Any
deviation from the desired zero-volt level causes the out-
put of UG50Q {configured as an inverting integrator) to shift
slightly. This applies an offsstting voltage to DAC |-to-E
Converter UB61C via A666 and RB65 to. bring fts output
level back to precisely zero volts.

Capacitor C855 holds the offset level constant between
update cycles (every 64 ms) to keep the proper offset for
the entire. DAC cycle. By updating the offset every 64 mil-
liseconds, offset variations that would otherwise occur
over time and temperature changes are eliminated.

DAC GAIN. The DAC Gain is set during each DAC-
update cycle immediately after DAC Offset is set and
keeps DAC gain constant with time and temperature
changes.

To set the DAC Gain, the System P loads 0F5%h into
DAC input registers U850 and UB51 and routes the result.
ing output voltage to DAC Gain Sample-arid-Hold U660 via
multiplexer UB51 pin 2. A digital input of OF5%h to the
DAC is supposed to produce an output of +1.25 V from
UBB1C. The resulting DAC output is compared to a
+1.25 volt reference by operational amplifier U680, Any
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deviation from the correct +1.25 V level produces a gain-
correction voltage applied to the DAC via R760. Capagitor
C662 maintains the correction voltage between DAC
update cycles.

Multiplexer Select

The Multiplexer Select circuit, composed of addressable
latch U272 and the associated decoding gates, provides
the enabling signal that selects one of the four 1-of-8 mul-
tiplexers to route the DAG output vditage to the Sample-
and-Hold circuits. Data applied to the D input of U272
from data bus bit' O7 (via* U280D) is latched to the
addressed output pin as determined by the logic levels on
the A, B, and G select lines (A0 through A2). The input
data is written to the addressed output on the falling edge
of the enable signal at pin 14 (via U280A and U280C). The
logic state’ written to the outptit rfamains Tatéhed when the
enable signal returns HI. The states of the unaddiessed
outputs remain unchanged. Te enable the latch, NOR-gate
U280A (functioning as a negative-logic NAND-gate) needs
the DACSEL (DAC select} line LO to produce a HI output.
That HI is inverted by U2B0C to enable the Multiplexer
Select register to be. written into. That same LO DACSEL
is applied to NOR-gate U280D to enable it to pass the
data on the D7 line to the D. input of U272 and to the DAGC
input register, formed by U850 and U851,

Multiplexer U851, when enabled by Multiplexer Select
Latch U272, routes the analog output voltage from DAC
I-to-E Converter UB61C to one of gight Sample-and-Hold
circuits, depending on the output specified by the logic
states on the its select inputs. Selection is determined by
three bits clocked into DAC Register U851 as described in
the preceding D/A Converter discussion. One of three
other multiplexers, shown in diagram 6, may be enabled
instead" of UB51 to pass the DAC oltput to one of the
Sample-and-Hold clrocuits on their outputs (also shown in
diagram 6). - ' '

Sample-and-Hold

The eight Sample-and-Hold circuits shown on diagram 5
(formed by UB41A through UB41D, U650, U680, UBBTA,
UB61B and their associated components) store and buffer
the analog voltage levels directed to them by multiplexer
UB51. Each of the operational-amplifier circuits selectable
by U651 (except the DAC Offset and DAC Gain -opera-
tional amplifiets, UB50 and U860 respectively) has a hold

- capacitor on one input that is charged up to the DAC out-

put voltage level through the selected multiplexer channel.
When the muitiplexer channel is then deselected, the capa-
citor holds the voltage at a fixed level s that the associ-
ated Sample-and-Hold circuit provides a steady voltage
fevel to the circult it controls. Voltage gain of the Sample-
and-Hold operational amplifiers range from more than 4.5
in the CH 1 and CH 2 Gain-Cal circuits down to 2 in the



Jit 1 Gain and Jit 2 Gain amplifiers and down to about 1
for the CH 1 and CH 2-BAL voltage followers. The Jitter
Galn circuits (formed by U6B1A and U661B) produce a
negative 5 V dc offset voltage at their output pins as their
gain-setting resistors are referenced to the +5V supply.
The DAC Offset and DAC Gain Sample-and-Hold circuit
operations are described in the previous D/A Converter
discussion.

Acquisition Control Registers

Mode control of the analog acquisition system and
trigger circuitry is controlled by the System pP via shift
registers and a decoder. The System wpP, through its
address decoding circuitry, enables Decoder U271 to pro-
duce a shift register clock at one of its eight outputs.
These clock signals are used to move serial data from the
ACD (acquisition control data) line, U272 pin 5, into one of
the varicus Acquisition Control Registers, of which three
are shown in diagram 5. They are Peak Detector Control
Register U530, Gate Array Control Register U270, and
Trigger Source Control Register U140. Other registers
ciocked are the Channe! 1 and Channel 2 Control Reqgis-
ters {510 and U220 on diagram 9), the internal control
registers of the CH 1 and CH 2 Preamplifiers (U420 and
U320 on diagram 9), and the internal control registers in
the A/B Trigger Generator (U150, diagram 11).

The ACD line is shared by all the Acquisition Control
Registers; the selected clock determines which register will
be loaded with the data being written by the System pP.
Decoder U271 is enabled when the ACQSEL and WR lines
are LO and address line A3 is Hl. Address lines AQ, A1,
A2 determine which of the output lines produces the clock
signal. A data bit present on the ACD line (previously writ-
ten to tatch U272 in a DAC write cycle) is loaded into the
clocked register on the rising edge of the WR signal as
U271 becomes unenabled and its selected LO output goes
HI. Each bit to be loaded must be successively written to
U272 then moved intc a register by the output clock
from U271.

SYSTEM DAC (cont) AND
AUXILIARY FRONT PANEL

The DAC multiplexing and sample-and-hold  circuits
included in diagram 6 operate similarly to those described
in the DAC System (diagram 5} discussion. The analog
voltage output from the DAG I-to-E Converter is routed
through one of the three additional multiplexers (shown in
diagram 6) to several types of hold circuits.
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DAC Multiplexers

DAC Multiplexers U821, U830, and U831 route the
analog output voltage from DAC I-to-E Converter u661C
(diagram 5) to the various Sample-and-Hold  circuits.
Operation of each multiplexer is identical to that of Multi-
plexer UB51, previously described in the System DAC cir-
cuit discussion. Each multiplexer is individually enabled by
a bit from Multiplexer Select Latch U272, and signal rout-
ing through the enabled device is controlled by the three
select bits applied to it from the three most significant bit
outputs of DAC Register U851.

Sample-and-Hold

A separate Sample-and-Hold circuit is associated with
each of the muitiplexer outputs. An analog voltage routed
from the DAC I-to-E Converter through the selected multi-
plexer channel charges up the hold capacitor at the input
of an operational amplifier in the selected Sample-and-Hold
circuit. When that multiplexer channel is deselected, the
voltage level is heid on the capacitor because of the high-
impedance discharge paths presented by the multiplexer
output and the operational amplifier input. The individual
operational amplifiers are configured as buffers with volt-
age gains varying from —0.47 to +10, depending on the
requirements of the function that is being controlled. The
CH1 and CH 2 Position Sample-and-Hold circuits also
provide a de offset of their output levels to properly bias
the inputs they drive.

Cal Signal Amplifier

The Cal Signal Amplifier (U610) operates in a manner
similar to the Sample-and-Hold circuits just described. It is
used to supply test signals to the CAL inputs of the CH1
and CH 2 Peak Detectors (U440 and U340, diagram 10)
for Self Calibration of the acguisition system. The test sig-
nal level, stored on capacitor C733, is applied to the input
of an amplifier internal to U610 which has dual-differential
outputs. The complementary-current outputs for each
channel are approximately 6 mA +1.25 mA.

Z-Axis Control

The z-Axis Control stage consists of Q810, U811,
US10A, UB10B, five-transistor array U812, and associated
components. Multiplexer UB11 selects one of three
intensity-control voltages—normal, intensified, or readout
{output from Sample-and-Hold buffers us20B, UB20C, or
UB20D) and routes it to a current source composed of
U810A, UB10B, and Q810. The amount of current passed
by Q810 controls the display intensity. The transistors in
array U812 form an automatic gain compensation circuit
for Z-Axis Amplifier U227 (diagram 19).
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Selecting an input 1o pass through multiplexer UB11 is
done by two active input signals, BRIGHTZ and RO. (The
third select input is a permanent LO, so one of the first
four inputs only. can be selected.) For' normal-intensity
waveform displays, all select bits will be LO to select
input 0 to switch through UB11. If the waveform display
should be intensified at any time, the BRIGHTZ input will
go Hi, selecting input 1. When readout is to be displayed,
the RO input will go HI, selecting either input 3 or input 4,
depending on the setting of the BRIGHTZ bit. Since inputs
3 and 4 are both connected to the INT-RO (readout inten-
sity} control voltage level, the readout displays are not
intensified.

The selected intensity control voltage is applied to
U810B, ‘configured as an inverting buffer with a gain of
—1. The output voltage is offset —4.06 v by the voltage

..divider_at_pins..3..and..5- of-U810-(R814and-R815) -ard:

resistor R816 at pin 6. The resulting inverted and shifted
output is converted to ‘a current by R812 and applied to
the emitter of Q810. : :

The circuitry of operationat amplifier UB10A and transis-
tor QB10 is arranged so that the transistor is on withi fts
emitter held at —2.7 V. The —2.7 V ievel at the emitter is
set” by the bias on input pin 3 of operational amplifier
U810A. The voltage developed at the output of US10B
causes 'a current to flow in R812 and sets the current
drive level for the Z-Axis circuit {diagram 19). This Z-INT
drive current supplied via US12E from pin 14 may vary
from 0 mA to 4 mA (—1.36V to +1.36 V respectively at
the output pin of multiplexer usi11).

When the intensity of the selected display is at
minimum, the output control voltage from multiplexer U811
will be below —1.36 V. This causes the output of U8108B
to go to approximately —2.7 v, reducing the emitter

current to Q810 to approximately zero. Diode CR810 limits
the reverse-bias voltage across the base-emittar junction -
of Q810 to about 0.8 volts and protects the base-emitter

junction from excessive voitage.

Automatic compensation of the Z-Axis Amplifier gain is
carried out in five-transistor array U812. Transistors
U812B and UB12C form the bias network for Ug12D,
oné-half of the Z-Drive compensation amplifier. Biasing for
the other transistor of the differential pair is supplied by

~ UB12A, R817, and a resistor internal to the Z-Axis
Amplifier that is tied to the +5 Vp supply. The differential
amplifier pair is biased so that the total current is divided
between the two sides. The resistance value of the internal
resistor in the Z-Axis Amplifier is an indication of the gain
of that device. Changes in that value that occur between
different Z-Axis Amplifiers shift the biasing level of U812E
- to either increase or decrease the share of the total
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current through that transistor by a small- amount. The
change in current is in the appropriate direction to make
the display intensity of different instruments comparable
with exactly the same Intensity control settings. Capacitor
CB17 bypasses ~high-frequency noise present on the
ZGAIN signal line.

The SPOTWOB (spot wobble) signal line, at the output
of Operational Amplifier US108B, picks off the various inten-
sity levels. Those levels are used in the Horizontal and
Vertical Output Amplifiers (diagram 18) to dynamically
correct intensity-related | position shifts . on the ¢cnt
(described in the Display Output circuitry discuséion).

Graticule llfumination

The Graticule llumination circuit, composed of U8204,

~U5206; -and -associated - coniponisits sets the brightness

of the three lamps used to light up the graticule lines
etched on the cit faceplate, =

Operational amplifier US20A s configured as an invert-
ing integrator. Inverting buffer- U520G may be thought of
simply as an open-collector transistor following operational
amplifier U820. The circuit appears this way because the
negative feedback around the loop via U820 and voltage
divider R824-R825 keeps U520G in its linear operating
range. Gain around the loop {11) is set by the ratio of
R822 to R823 plus 1. The DAC control voltage applied to
pin 2 of U820A causes the integrator output to slowly
ramp in the opposite direction. This output is inverted by
U520G, and it sets the current in the graticule lamps.
Between DAC-updates no integration takes place, and the
charge held on C822 holds the output of the inverting
buffer, and thereby the graticule lighting, constant.

1

Auxiliary Front Panel

" The Auxiliary Front Panel circuitry provides a means of
reading the front-panei bezel push buttons, located directly
below the crt, as well as several analog voltages associ-
ated with the front-panél BNC input connectors. The cir.
cuit consist of analog muitiplexer U600 {used to route the

-various analog voltages to the A/D converter), parallel-

loading shift register U700 {used to relay switch-closure
data to the Front Panel #P, shown in diagram 3), and
associated components.

Analog multiplexer UB00 routes one of the eight input
levels to the A/D converter internal to Front Panel uP
U700 (diagram 3), depending on the three-bit code applied
to its select inputs: The salected signal may be one of the
four probe-coding voltages (developed by the voltage
divider formed by the encoding resistance of the probe
attached to the input connectérs and the associated pull-
up resistor within R601), the CH1 OVL {overload) or GH2



OVL levels {used to indicate when an excessive voltage is
applied to the input connector), or one of the two, 180
degree out-of-phase wipers on the Intensity control (a
continuous-rotation pot).

Auxiliary Switch Register U700 performs a paraliel load
of the status of all of its input bits whenever the Front
panel pP puts out a SHCLK (shift clock) with the S/L
(shift/load) select input "of the register set LO. Once
loaded, the S/L input is set HI, and the eight bits of
switch-closure data are clocked out to the Front Panel puP
on the SWOUTA (switch data out-auxiliary Front Panel)
line with eight more clocks applied to the clock input of the
Auxiliary Switch Register. Switches read include the five
menu select switches on the lower edge of the crt bezel,
the Intensity Control SELECT switch, the STATUS switch,
and the MENU OFF/EXTENDED MENU switch.

SYSTEM CLOCKS

The System Clocks circuitry (diagram 7) produces the
fixed-frequency System clocks signals used throughout the
oscilloscope. These clocks are developed from a 40 MHz
master clock frequency, and they are used to drive state
machines that produce other special-purpose clocks that
control the waveform acquisition processes.

Master Clock

The Master Clock circuit produces 20 MHz and 8 MHz
clocks (C20M and CBM) by dividing down the output from
the 40 MHz crystal oscillator circuit, Y¥611. The oscillator
eircuit drives both the divide-by-two flip-flop (UB12A) and
the divide-by-five circuit (flip-flops Us12B, UB15A, and
UB15B) in parallel via inverter U513A. The 20 MHz clock is
obtained from flip-flop UB12A. With its Set, Clear, J, and K
inputs all held permanently HI, the flip-flop toggles an each
negative-going 40 MHz clock edge to divide the input clock
frequency by two.

The divide-by-five circuit is a state machine formed by
J-K flip-flops UB12B, UB15A, and UB15B. With the two
feedback signals to the J and K inputs of U612B, the flip-
flop chain sets logic level on the J and K inputs of UG15B
that allows its Q output to change states only every five
40 MHz input clocks to produce the 8 MHz clock.

Jumper J132 allows an external clock signal to be sub-
stituted for the 40 MHz clock signal to aid in festing and
troubleshooting.
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Secondary Clocks

The Secondary Clocks circuit further divides the
20 MHz clock to produce other system clock rates. The
flip-flops within U710, along with logic gates U711A,
U7118, U714C, and U712B, produce 10 MHz, 5 MHz, and
2.5 MHz clocks.

Flip-flop U710D and exclusive-OR gate U711C generate
the 2.5 MHz clock (CLK3A) that is delayed 3/8 of a cycle
(150 ns) with respect to the 2.5 MHz clock at the 3Q out-
put (CLK1A). CLK1A, CLK2A, and CLK3A are used for
control-clock generation in the Waveform Processor
system (diagram 2). The 10 MHz clock is the reference
signal to the Phase Clock Array's phase-lack loop circuit
(381, diagram 11). This clock is available at J133 for use
as a trigger signal when troubleshooting the Waveform
Processor  system with a logic analyzer or
test oscilloscope.

The CLK1A, CLK2A, and CLK3A clocks are buffered by
U712A, U712C, and U712D to the Waveform uP. Buffering
these clocks ensures that a fault on the buffered side will
not halt operation of the Secondary Clock Generator cir-
cuit. Series-damping resistors R713, R715, and R716
reduce ringing in the interconnection cable. The 5 MHz
clack is used in the display control circuitry, diagram 17.

Minimum-Delay 1 MHz Clock

The Minimum-Delay 1 MHz Clock circuit produces a
1 MHz clock {2XPC) whese transitions very nearly coincide
with those of the 20 MHz clock. The requirements of the
clock timing dictate that the delay between a rising edge of
the 20 MHz clock (C20M2 on U720A pin 3) and the 2 MHz
TTL4C (TTL-compatible phase 4 clock, originating from
Phase Clock Array U470—diagram 11) transitions be less
than 50ns to ensure proper phasing. Since the
propagation detay (2XPC-1o- TTL4C delay) through the
Phase-Clock Array is a significant portion of the 50 ns
allowed, the phase of the 2XPC (two-times CCD *C" regis-
ter clock rate) clock relative to the 20 MHz clock must be
optimized for minimum delay.

To obtain minimum delay, U622, U523B, and their
associated logic gating are configured as a divide-by-20
counter whose output is synchronized to the 20 MHz clock
{plus propagation delay through U523B). Counter UB22
and NAND-gate UB20C provide division by ten, preducing
a 2 MHz clock (4XPC) at pin 11 of U622.
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After one run through the counting: cycle at power-on,
any unknown counter states in divide-by-ten counter Ug22
are resolved, and the circuit counts in the following
manner: If the circuit does not start in the Load condition,
it will be in.the Count mode (a HI on pin 9 from the output
of NAND-gate U620C) and the 20 MHz clocks cause the
counter output to increment until it reaches 1100 {binary).
At this point the output.of U620C will go LO, causing the
counter to load the count 0011 (binary) from its inputs with
the next clock. Once the counter is loaded, the output of
U620C will return HI, and normal counting from a known
state commences. When the counter reaches 1100. again,
the load-count sequence will be repeated, reguiring ten
20. MHz clocks to complete the cycle. :

AND-gate UB23C watches the three lowest bits of the
counter outputs (Q,, Qg, and Qc). The output of UB23C

{pin 8) will be HIduring the "7" state (0111 binary) of each . . .

- 10-count cycle and will stay Hi for one 20 MHz clock cycle
(50 ns). This HI is applied to the K input and the J input
(via OR-gate U522B) of flip-flop U523B. With the K and J
inputs both HI, the flip-flop toggles when the next 20 MHz
clock arrives. Assuming the Q output of the flip-flop was
LO, toggling to a HI applies a Hi to the J input via OR-gate
U522B. When the output of UB23C returns LO (next
20 MHz clock), the J and K input states of the flip-flop wil
keep the Q output HI with subsequent 20 MHz clocks.

The Q output of U523B will stay Hi until the next seven
(0111) state from AND-gate UB23C arrives, at which time
the J and K inputs are again set HI. On the rising edge of
the next 20 MMz clock the Q output of flip-flop U5238 tog-
gles LO. When the 50 ns pulse from U623C retumns LO,
the J and K input states will both be LO, and further

20 MHz clocks are prevented from changing the Q output

state of the fiip-flop. The output remains LO until the next
HI state from U623C starts the divide sequence over
again. Note that transitions of the 1 MHz signal (2XPC) at
pin 9-of U523B are delayed from the C20M {20 MHz clock)
clock rising-edge transitions by only the prapagation delay
through the fiip-flop (about 7 ns).

CCD Qutput-Sample Clocks

The CCD (charge-couple devices) Output-Sample
Clacks stage controls signal transfers from the Acquisition
GCD-Clock Drivers (diagram 10) to the external CCD Out-
put circuitry (diagram 14). It consists of a state machine

- synchronized to the 20 MHz clock (and thus the CCD
events) and produces clocks to: (1) move sampled data
out of the CH1 CCD array, (2) move sampled data out of
the CH2 CCD array, (3) reset both the CH1 and CHZ CCD
array output-charge wells in preparation for the next
transfer, and (4) phase-lock the CCD-Data Clock stage.
Figure 3-3 illustrates the timing of these clocks and other
clocks in the System Clock Generator; it may be of use in

- following the discussion of circuit operation. '
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When acquired samples are to be shifted out of the
CH1 and CH2 CCD array, the TTL version of the Phase.
Clock 02 output {TTL2T) from Phase Clock Array U470)
wilt be toggling at 500 kHz. Transitions of the TTL2C clock
are resynchronized to the 20 MHz clock (C20M2) by flip-
flop U720A to correct the phase between the TTLAC clock
and the state machine outputs. This correction clossly
synchronizes -charge transfers within the CCD (relative to
the 2XPC clock) with the signal transfers out of the CGD.

* When the SYNCZC (synchronized phase-4 clock) Is LO

(pin 5 of flip-flop U720A), the LOAD signal applied to shift -

registers U730 and W830 ‘(via AND-gate U623B - and

inverter -U5S13E} will be HI. This HI, along with the HI

SYNC2C signal from pin 6 of flip-flop U720A, causes both
shift registers to do a parallel load of the fixed logic levels

applied to their D input pins. The levels loaded set_the .
- OST1 (gample "CHI-CCD “outputs), 032 (sample CH2-CCD

outputs), and the RST (reset CCD output wells) outputs
from U730, and the SYNC (sync data clocks) output from
U830 all HI. The HI RST level applied back to U621 and
the HI output from NAND-gate UB20B will be loaded into
counter U621 as 0101 binary because of the LO LOAD
output of UB23B applied to the CT/ 1D input pin. This
state then stays as is for the remainder of the LO state of
the SYNC2C signal, .. :

When the SYNC2C output of flip-flop U720A returns HI,
counter U821 is enabled by the HI from AND-gate U623B
to count for three, 20 MHz clock cycles (150 ns), reaching
the count of 0111 binary. The next clock toggles the QG
output of U621 LO (count goes to 1000 binary), and the
LOAD output from AND-gate UB23B is forced LO. The HI
LOAD signal output obtained from inverter US13E, along
with the LO SYNC2C from flip-flop U720A pin:6, sets up
shift registers U730 and U830 to shift right. The next
20 MHz-clock (250 ns after the 2XPC clock toggled) shifts
a LO 1o the OST output of U730 (pin 14) and loads a
binary 0100 into counter U621 (since the output of NAND-
gate UG20B is now LO). The fixed HI applied to the SR
data input of U730 is shifted to the Q, output.

After 0100 is loaded into counter Us21 . the LOAD out-
put of UB23B returns HI {since pin 12 of U621 has baen
set Hl by the inputs loaded into the counter). This once
again produces a LO LOAD output from inverter US13E
and prevents U730 and UB30 from shifting. Counter U621
counts four cycles of the 20 MHz clock (200 ns), reaching
count 0111. The next 20 MHz ciock toggles the Q¢ output
of U621 LO and sets the LOAD line LO onge again, ena-
bling- shift registers U730 and U830. The next clock
{250 ns) shifts the previously loaded LO from the OST out-
put right to the OS2 output of U730 and moves a HI from
the SR data input .into the G5T output. At the same time,
counter U621 is reloaded to 0100 binary to again restart
its count.
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A similar 250 ns cycle occurs for the DSD LO state,
ending- with- the LO being shifted to the Qp output of
U730. However, when the Ioad is done to UB21 this time,
the OS2 output to NAND-gate UB20B is LO, and counter
U621 is loaded with 0101 binary (the D,) input from
UG208B is HI). :

Since U621 now needs one less clock to count to 0111,
RST (and thus RESET remains LO for 200 ns (rather than
250 ns as for OST and OS3), after which time the next
load of U621 will occur. At the end of the reset time, both
RST and the DA output of US20B are both LO, so counter
U621 loads to 0000 binary. On the same 20 MHz clock,
the LO RET level present on the SR data input of U830 is
shifted right to the QA (SYNC) output. This state {with
SYNC LO) lasts one clock cycle {50 ns) only, because Qe
is still LO, causing LOAD 10 go HI and, therefore, causing
“thig shiift register to again shift right, resulting in SYNC
going HL. On the next 20 MHz clock pulse, the TTL2C
input is LG, causing SYNG2G to go LO on the clock edge.
This starts the whole process over, and it is repeated until
all samples have been moved out of the CCD arrays.

AND-gates U731A, U731B, and U731C buffer the out-
puts of counter U730 and ensure that the counter and the
clock circuit will keep running even if a short occurs on the
buffered OSAM1, OSAMZ, or RESET lines.

CCD Data Clocks

The CCD Data Clocks (MS11, MS12, MS13, MST4,
MS821, MS22, MS23, and MS24) generated by counter
U721, shift register U831 and U833, and the associated
iogic gating, are responsible for multiplexing the eight CCD
array output levels (CH 1-1, CH1-2, CH 1-3, CH i4,
CH 2.1, CH 2-2, CH 2-3, and CH 2-4) onto the CCD DATA
line for digitization by the A/D Converter. Figure 3-3
(shown previously) lllustrates timing of the stage.

., When the SYNC output #rom U830 pin 15 goes LO (for
50 ns at the end of the TTL2C cycle), the outputs of
NAND-gate UB20A and inverter U513D go Hi, and the out-
put of AND-gate U623A goes LO. This places counter
U721 and shift registers U831 and U833 in their parallel
load mode, and the next 20 MHz clock rising edge (start of
next TTL2C loads in the fixed logic levels at their D inputs.
The data bits (1000 binary) loaded into shift register U831

set the MS12 (multiplexer-select CH1 phase-2} output bit
{pin 15) HI, with all other output bits LO. The LO MS12
output from inverter UB32D s applied to Q873
(diagram 14} to switch the CCD output data from the CH1

CCD array phase-2- output-onto the CCD DATA line,

- where it is applied to A/D Converter U560 {diagram 15).
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That same 20 MHz clack loads counter U721 with 1100
binary and clocks SYNG from pin 15 of UB30 HI. With
SYNC HI, shift register U831 is in hold maode, and counter
U721 Is enablsd to count via AND-gate UG23A. Counter
U721 increments #om the beginning count of 1100 to

0000 (four, 20 MHz clocks—200 ns), at which time the’

- SHIFT output from OR-gate U322A goes LO. This sets up

shift registers U831 and UB33 {via UB20A} to shift and, via
UB23A, places U721 in load mode. The next 20 MHz clock

(at 250 ns) shifts a new LO from the SR data input of '

U831 into the Q, output and shifts the HI from the Qp
output to the Qg output (MS22). Counter U721 is also
reloaded with 1100 binary for the next count cycle.

Similar 250 ns count cycles shift the HI bit to each out-
put of shift registers U831 and U833 in succession unti,

-during..the. last .50.ns-of the HI state of the MS21 “signal *

(U831 pin 15), SYNC goes.LO again. The LO sets up
U721, U831, and U833 to load on the next 20 MHz clock.

The next clock (concurrent with TTL2G going LO) loads

both U721, U831, and U833 and starts the cycle over
again. The arrival of the SYNG signal ensures that the
presetting load of U721, U831, and 1833 always oceurs -
concurrently with TTL2C going LO. The sight muitiplexer-
select clocks (and their inverted Outputs) are thereby
synchronized to CCD array output cycles,

The CCD Data Clock circuit also derives the sighals
used to multiplex the Acquisition Latch Switches. For
Envelope mode acquisitions, these switches, in turn, select
which byte of min/max data (stored in the Acquisition
Latches) the Envelope Min/Max Comparator compares
against a newly-acquired byte, A/D converted and output
by the A/D Converter. (The Acquisltion Latches and

Acquisition Latch Switches, as well as the A/D Converter

and Envelope  Min/Max Comparator are found on
diagram 15).

Briefly, the Acquisition Latch Switches need to “know”
which CCD, CH 1's or CH 2's, and which CCD “side,”
minimum or maximur, is supplying the data byte being
converted by the A/D Converter. MS11 and MS13, CHA1
clocks, and MS21 and MS23, CH 2 clocks, are HI when a
data byte from the minimum side of the GCD is being A/D
converted; MS12 and MS14, CH 1 clocks, and M822 and
MS24, CGH 2 clocks, are HI when a data byte from the
maximum side is being converted. {Note that if the last
digit of the clock name is odd, it clocks data from the
minimum side of a CCD, and if it is even, from the max-
imum side. Also, note that the first digit indicates the
CCD’s channel. In other words, MS117 is Multipfexer-Select
Clock CH 1, minimum side, MS22 is the Muttiplexer-Select
Clock for CH 2, maximum side, etc.) Gates U834A-D
(diagram 7) logically OR these CCD Data Cldcks to detive
the multiplexing signals MS12+MS1 4, MB22.4Mm524,

-



MSi3+MS11, and M823+MS21 to drive these Acquisi-
tion Latch Switches. (For example, M512+M§&14 indicates
that the data is from the minimum side of the CH 1 CCD
and is HI if either M§12 OR MS14 is HL) How these sig-
nals multiplex the Acquisition Latch Switches is explained
in “A/D Converter and Acquisition Latches” in this section,

The CCD DATA Clock circuit supplies three other
clocks used to properly time the transfer of A/D Converted
CCD data: SHIFT, derived as previously described, and
CLKLATCH and SHIFTD200N, derived from the SHIFT
clock. SHIET drives the shift-right input (pin 2) of shift-
register U642, and C20M1 clocks the SHIFT clock succes-
sively through U642's outputs (QA-QD). Since C20M1 is
the 20 MHz Clock and twoe 50 ns clock cycles are required
nefore SHIFT appears at the QB output, CLKLATCH is
delayed 100 ns from SHIFT. Four ciocks are required to
clock SHIFT to the QD output, resulting in a 200 ns delay
from SHIFT for SHIFTD200N.

SHIET clocks the A/D Converter, and CLKLATCH
clocks the Acquisiton Latch Switches. The timing offset
between the two clocks ensures the data byte output by
the converter has stabiized before it is latched into the
Acquisition Latches. {The A/D Converter, Acquisition Latch
Switches, and Acguisition Latches are found on diagram
15.) Similarly, SHIFTD200N is routed to NAND-gated
UB50B via inverter UB35F (both found on diagram 8} for
use in controliing the timing of the SAVEACAQ signal to the
Acquisition Memory. In this case, the time offset ensures
that the data written from the Acquisition Latches to that
memory has stabilized.

TIME BASE CONTROLLER
AND ACQUISITION MEMORY

Time Base Controller (U670, diagram 8) and its associ-
ated gating circuitry generates the control signals and
clocks to cause acquisitions in the various modes 1o
occur. It keeps track of how the acquisition is progressing,
starts the digitization of the samples by the A/D Converter
when the correct number of data points have been
acquired, and moves the digitized samples to Acquisition
Memory (UB00). The Acquisition Memory provides tem-
porary storage of the converted data to permit the
Waveform P to access the data as it is needed to update
the display.

Time Base Controller

Time Base Controller U670 monitors and controls the
various acquisition functions. Two different operating
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modes of the CCD (charge-coupled devices) arrays must
be controlled by UB70; these are the FISO mode (fast-in,
slow-out) and the Short-Pipe mode. FISO mode is used at
sweep speeds faster than 100 ps/div when the analog
sampling must occur at rates faster (1 MHz per channel
and faster) than the maximum conversion rate of the A/D
Converter. The Short-Pipe mode is used for lower fre-
quency signals when the A/D conversion rate is much fas-
ter than the signals being sampled.

The major Time Base Controller functions in FISO
{fast-in, slow-out) mode:

« Ensure that enough samples are in the CCD array
“B" register to fill the “pretrigger” requirements.

« Ensure that the proper number of "post-trigger” sam-
ples are moved into the "B" register after triggering
oceurs.

« Discard the proper number of unneeded samples at
the start of “slow-out” conversion.

« Ensure that exactly 1024 sampies are moved to the
Acquisition Memory during the “slow-out™ conversion
process.

Major functions in Short-Pipe mode:

. Ensure that valid data has made it through the
“short-pipe” path of the CCD arrays. :

» Synthesize the proper sample rate called for by the
SEC/DIV setting.

» Ensure that enough samples have been saved in the
Acquisition Memory to fill pretrigger requirements '
before enabling the Triggers.

» Ensure that the proper number of post-frigger sam-
ples are stored into the Acguisition Memory after the
trigger event.

The instruction registers within Time Base Controller
U670 are enabled when TBSEL from the System wP is LO.
A register is selected for writing to or reading from by
address lines A0, A1, and A2. Setup data from the System
uP data bus is buffered to the selected register via bidirec-
tional buffer U641 and written into the selected internal
register by the WH (write) signal applied to pin 14. Acquisi-
tion mode, SEC/DIV setting, trigger position, and several
other functions are controlled by the System uP via the
commands written to the insiruction registers within U670.
Status data and register contents may be read out of the
Time Base Controller registers by the System uP in a
similar manner using the RD (read) signal to reverse the
data paths in buffer U641 and the internal circuitry of
Us70,
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The FISO (fast-in, slow-out, pin 36), ROLL {pin 2), and
ENVL (envelope, pin 39) ouitputs are set indirectly by Sys-
tem P writes to the internal control registers at the start
of ‘'each acquisition eycle. Control signals are then output
by an internal state maching of the Time Base Conitrollar
to- dynamically control the acquisition circuitry in the
required. mode and signal ‘acquisition rate {set by FISOQ).
Writing to these “register” locations also allows the Sys-
tem uP to generate several strobes for internal latching
and control functions.

A state machine internal to Time Base Controller Us70.

runs the acquisition process from start to finish. When all
internal - registers are properly loaded, the System pP
writes to location- 6022(h), generating a strobe that
switches acquisition control to the Time Base Controller,
This starts the acquisition system, and samples are taken

in the defined mode. For FISO operations, the following

oeoursT e

A counter internal to U670 begins counting TTLBT (TTL
version of B clock—Phase 1) clocks to determine when at
least enough samples have been transferred into the “B”
register of the CCD arrays to fil “pretrigger” requirements.
Samples will then continue to be placed in the B register,
but no output samples will be saved until the record trigger
occurs. (All 1088 locations in the four sides of B X 34
B register will fill if a record trigger does not occur before
that many samples have beén taken.) Each TTLBT clock
represents 32 analog samples (four, 8-sample sides)
transferred into the CCD array B register. When the
proper number of pretrigger samples have been loaded,
U670 will set its EPTHO (end of pretrigger holdoff} line HI.
This signal enables Trigger Logic Array U370 (diagram 11),
and the state machine in Time Base Controller UB70
starts watching the SYNTRIG (synchronized trigger) input
(pin 30) from the Phase Clock Array (U470, diagram 11)
for the “record” trigger. In the meantime, the Trigger Logic
Array will be counting delay clocks {(DELCLK) to fulfill any
specified delay requirements before a record trigger is per-
mitted to be generated. :

When the delay requirements are met, the SYNTRIG is
allowed to occur when a trigger event occurs. The counter
then watches TTLB1 fc determine when the proper

number of post-trigger samples have been moved to the.

B register  to meset the post-trigger requirements.. Once

post-trigger requirements are met, it sets SO (slow-out,

pin 38) Hi, which stops the sampling process and starts
A/D conversion of the analog samples stored in the CCD
array B register.

Since the trigger event can occur at any one of the 32
analog samples that are taken between each TTLBIB
clock, and since the Time Base Gontroller only keeps track
of the number of pretrigger and post-trigger samples in
terms of these 34-sample records, there are usually some
- samples at the beginning of those in the CCD array
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B register that are extra. When the analog samples are
serially'moved ‘out of the CCD array for digitization, these
extra samples must be igricred in’ order to maintain proper
trigger location within the complete record. The CCD
Phase Clock Artay (U470) knows where the record trigger
occurred relative to the TTLBT pulse (1-0f-32 position) and
sends this information to U670 on the TLO-TL4 {trigger
location bits 0 through 4) jines. This trigger-location
number is loaded into the counter and, as the samples are
moved out of the CCD array, that number of extra sam-
ples is essentially discarded. Those samples " are A/D
converted but will not be stored because US50B is not yet
enabled to gate the SAVEACQ signal used to write the
data into the Acquisition Memory.

Onée- the extra samples - have been . counted, the
ACQUIRE output is set HI. In.FISO mode, six more sam-

- -ples—are--counted - out- via- "shift~register "U750] " 8Rabling

UB5CE. Since the instrument is in FISO :mode, the output
of U512C will be HI and the SAVEACQO signal that is used
to save waveform data into the Acquisition Memory (via
U501} is controlled by the output of UB35F (SHIFTD200N).
This input to NAND-gate UB50B is a delayed version of
the SHIFT (4 MHMz)_clock. The 200 ns delay provided
ensures that the A/D Converter output byte has settied
before being written to the Acquisition Memory. .. .. :

When the Time Base Controller is in control of writing
data to the Acquisition Memory, the SAVEACQ clock is
routed through U501 of the Mode Control Logic and
becomes the WE (write enable) clack used to write
waveform data into Acquisition Memory UB00. That data
is obtained from the Acquisition Latches {diagram 15) via
buffer U813. The WE signal is also used to increment the
Memory Address Counter (U300, U400, and U401), the
result being that digitized samples from the Acquisition
Latches are saved interleaved in consecutive memory loca-
tions. Each address is latched into the Record-Start
Address Latches (U502 and. U601) as the data-write ends,
so that the address of the last-stored sample is always
available. This information is used as a pointer when gen-
erating waveform displays.

, As the digitized samples are moved to Acquisition
Memory, an internal counter in Time Base Controlier U670
watches the MS23+MS21 and MS22+MS24 clocks (pins
6 and 28B) to determine when 1024 points {or 512 max/min
pairs in Envelope mode) from each CCD array (CH 1 dnd
CH 2) have béen ‘stored. When 2048 samples have been
saved, the Time Base Controller will set ACQUIRE {pin 24)
LO, disabling memory saves, and it will set its ACQDN
(acquisition done) status line (pin 25) HI. The Waveform P
(U470, diagram 2) then takes over for transfer of the
acquired waveforms to the Waveform P Save Memory.

When the Waveform uP (U470, diagram 2} reads the H!
ACQDN status via U542 (diagram 2), it reads the address’
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of the last-saved point from the Record-End Latch {Us02
and U601). Since the Acquisition Memory addresses are
circular {incrementing the Address Gounter from its last
address goes back to the first address), it knows the
record begins at the next address. With TB2MEM LO, the
ACQ signal is routed through Mode Logic Switch U501 to
become the WP2ZMEM signal. The ACQ signal going LO
from the Waveform uP via address decoder U570 enables
data buffer UB10 to permit the Waveform uP to access the
waveform data stored in the Acquisition Memory (see
“Waveform Processor System" description).

SHORT-PIPE OPERATION. Short-Pipe operation is
similar to FISO in the way mode and setup data is loaded
and the way the internal counter is used to keep track of
various events. The major differences are: Short-Pipe
mode moves input samples directly from the CCD array
“A" register input, down the first “B register channel and
out of the CCD array through the “C" register. Short-Pipe
mode must also synthesize the sample clock rate.

To synthesize the sample rate for the Short-Pipe mode,
FISO (from U670 pin 36) is set LO by the System uP,
thereby enabling the CE2B/N (clock enable 2B divided by
N} input to U512C. The CE2B/N clock (along with the
SHIFTD200N clock) then controls saving the waveform
data into the Acquisition Memory. In Short-Pipe mode,
CCD sampling occurs at a continuous 2 MHz rate, but due
to SEC/DIV setting data written to an internal counter in
UB70, the synthesized CE2B/N clock will only allow every
“Nth" point to be saved in Acquisition memory to produce
only 50 data points per division in the display. Samples
between the saved Nth points are ignored. The syn-
thesized CEZB/N clock will only enable UB50B long
enough to save either two or four points and is dependent
on the sweep-rate division factor written to the internal
counter. This allows effective sample rates down to 1 sam-
ple every 2 us (100 us/div) to be achieved, The 2XSDC
(two-times-siow-delay clock, UB70—pin 29) runs at half of
this effective sample rate. This 2XSDC clock divided by
two at the Q output of U720B and buffered by U680C to
produce SDC. SDC allows the Trigger Array to count one
delay period per every four sample intervals.

Since CCD array samples are moved directly from the

~ input to the output via the first B register and since stored

samples may occur at a rate different than the sample
rate, pretrigger and post-trigger counting is done relative
to samples actually stored into the Acquisition Memory.
When enough valid pretrigger points have been saved,
EPTHO enables the Triggers. Data is saved in bursts of
two points (four points in ENVELOPE acquisition mode},
one for CH 1 and one for CH 2, at the synthesized rate.
When the trigger event occurs, UB70 counts the proper
number of post-trigger samples. When the post-trigger
count is complete, since A/D converted data already is

) stored in Acquisition Memory, ACQDN is set. Waveform
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data bytes are moved to the Save Memory by the
Waveform uP and control is given back to the System pP.

LOAD LATCHES FLIP-FLOP. In Envelope Mode, Load
Latehes flip-flop UB51A puts out a signal at the beginning
of each envelcpe sampling interval that is HI for four
acquisition cycles. That Hl LOAD LATCHES signal loads
the first eight acquired data points (four min-max pairs)
into the Acquisition Latches to be used for min-max com-
parison to the following waveform samples in that
Envelope sampling interval.

The Set input of UB51A is HI during Envelope, the out-
put of the flip-flop is controlled by the MS23 clock and the
CE2B/N clock (on the D input). The CE2B/N clock is a
divided down MS22 clock, with the division factor depend-
ing on the SEC/DIV setting. The division factor determines
how many waveform samples will be compared for new
max and new min data durihg each envelope sampling
interval. Only the maximum and minimum waveform data
point values that occur during the envelope sampling
interval are transferred to the Acquisition Memory.

For mon-envelope acquisitions, ENVL is LO. The Set
input of flip-flop UB51A is therefore asserted, and U651A
will be held in the Set state with the Q output (LOAD
LATCHES) held HI. That constant HI signal applied to the
Acquisition Latch Switching circuitry causes each data
point acquired to be loaded into the Acquisition Latches
and transferred into Acquisition Memory.

ROLL LOGIC. In ROLL mode the display is constantly
being updated as new data points are available. A means
is provided to tell the Waveform P when new data points
are available. An interrupt to the Waveform pP is gen-
erated by the Roll Logic flip-flop, UB51B. When the
ACQUIRE signal from Time Base Controller U670 goes HI,
new waveform data points are acquired. The Hi state of
that signal is clocked to the Q output of flip-flop UB51B on
the rising edge of the CE2B/N signal; the same signal that
causes the sample data to be saved into the Acquisition
Memory in Short-Pipe mode. The PTAVAIL signal at the
Q output is an interrupt to the Waveform wuP. When the
Waveform pP services the interrupt request, it sets
PTACK (point acknowledge) LO via US00B and US00C to
reset the flip-flop in preparation for the next new data
points. The saved points are also moved to the Save
Memory and then to the Display Memory for a display
update.

In NORMAL mode, the ROLL signal is LO, and NAND-
gate U500B outputs a continuous logic H! that holds the
Roll Logic fiip-flop in the Reset state (with the Q
output LQO).

3-41



Theory of Operation—2440 Service

Memory Mode Control

The Memory Mode Controt clreuit is made up primarily
of Mode Selector Switch U501, a quad 2-to-1 multiplexer
that switches control signals between those of Time Base
Gontroller UB70 and those of the Waveform uP. Seiection
is.dohe by the TB2MEM signal from AND-gate U731D
pin 11. e ‘

The WE (write erable) output from Mode Selector
Switch U501, pin 12, controls both writing into the Acquisi-
tion Memory and incrementing of the Address Counter.
With TB2ZMEM set LO, the WWR (Waveform uP write) sig-
nat gated through OR-gate U512D to the 4A input (pin 13)
of U501 controls writing to the Acquisition Memory. The
OE (output enable) derived from- the Waveform uP WRD
{Waveform P read signal), controls the output of

Acquisition Mermory data. |t Is asserted LO only_when the ...

- WeVefsim wP I8 trying” to read  Acquisition Memory
locations. _ :

With TB2MEM HI, the SAVEACQ signal from NAND-
gate UB50B, is selected as the WE signal, and the OE is
set Hl to disable the Acguisition Memory frém outputting
data. Data buffer U613 is enabled by the LO level of the
EQE signal from pin 7 of the Mode Select Switch to con.
nect the Envelope Logic Latch bus to the input bus of the
Acquisition Memory.

When the Waveform P wants to access the Acquisi-
tion Memory, it will set the ACQ line LO to enable its con-
trol signals to the inputs of Mode Logic Switch U501 and
walt for the delayed ACQU!RE signal from. U750 (diagram
8) to go LO (indicating that the Time Base Controller is
finished acquiring). When the delayed ACQUIRE goes LO,
the output of AND-gate U731D (T B2MEM) goes LO and
the Mode Logic Switch select the Waveform uP signals to
control the Acquisition Memory. The LO TB2MEM signal
also sets the Address Counters to their Load state, and
the ‘counter outputs then foilow the WAD-WAA (Waveform
¢P address bits 0-A) lines, giving direct access to Acquisi-
tioh Memary data locations by the Waveform iP.

Address Counter

The Address Counter increments the Acquisition
Memory address as each point is saved. Each write into
Acquisition Memory ends with the WE (write enable) signal
going Hi, clocking the counter to address the next sequen-
tial Acquisition Memary location,

The TB2MEM signal from AND-gate U731D controls
the mode of the Acquisition Memory Address Counter
(composed of binary counters U300, U400, and U401).
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When the TB2MEM signal goes. LO, the counters become
“transparent.” This connacts the Waveform #P" address
bus to the address inputs of the Acquisition Memory so
that the Address Counter output follows the WAD-WAA
(Waveform uP address bits 0-A) lines. When the TB2MEM
signal is HI, the Time Base Controller is in control of the
Acquisition Memory, and countsr will be in its count mode
as the acquired signals are being. stored into the Acquisi-
tion Memory. S

Acquisition Memoi’y

Acquisition Memory U600 is a random-access memary
device (RAM) that provides temporary storage of acquired
data points before they are moved into Save Meimory.
Arialog waveform samples from the GH 1 and CH 2 CCD
arrays are digitized and moved into’ Acqisition Memory
under..control.-of. -the-mTime-===Base=---(-30ntr0Iler-'_"(diagra‘m‘ *8J,
altemating CH 1 data with CH 2 data. The Waveform uP
reads the data out of Acquisition Mernory via buffer U610,
unscrambles it, and moves it to proper Save Memory
locations.

MEMORY INPUT BUFFER, Memory Input Buffer U613
applies the time-multiplexed waveform data bytes from the
Acquisition Latches (diagram 15) 16 the data inputs of the
Acqguisition Memory inputs at all times except when the
Waveform uP is accessing the Memory. Inverter U620D
inverts the most-significant bit of the sample data so that
range center of the A/D Converter output corresponds to
00 hex (center screen valug), thereby creating bipolar data
referenced to center screen. -

R'ecord-Endl_ Latch

The Record End Latch composed of U502 and ueso1
continually  latches the address of the iast Acquisition
memory location that was written. The latch is clocked on
the rising edge of the WE clock {from the SAVEACG slg-
nal or the Waveform uP WWR signal via Mode Logic
Switch U501) and provides the Waveform 1P with the last
address written ({the end of the record for a full acquisitfon)
by the Time Base Controller or read by the Waveform pP.
Since the Acquisition Memory addresses are circular, the
start of a FISO record will always be the Record End
address pius one. In Short-Pipe mode, the Waveform wP
will read those (two for normal, four for envelope) points
immediately preceding {and including) the Record End
address. The latchied addréss {plus the trigger location
data) is piaced on the Waveform uP data bus by asserting
RDMARO and RDMART (read memory address) lines.

Two-to-one multiplexer U7228 applies either trigger-
location bit 4 (TL4) or the Time Base Controller TBTRIG
(time base triggered) status bit to latch' Us02, depending



on whether FISO or Short-Pipe mode is called for. The
TBTRIG bit used in Short-Pipe mode telis the Waveform
uP when the Time Base Controlier detected Record
Triggering.

ATTENUATORS AND PREAMPLIFIERS

The Attenuator and Preamplifier circuitry (diagram 9)
aliows the operator to select the vertical deflection factors.
The Front Panel uP monitors the Channel VOLTS/DIV
switches and VOLTS/DIV VAR controls and passes
changes to the settings to the System pP which then digi-
tally switches the attenuators and sets the Preampilifier
gains accordingly. Vertical Couplings are
simitarly controlied.

" Channel 1 and Channel 2 Attenuators

The Channel 1 and Channel 2 Attenuators are Identical
in operation, with corresponding circuitry in each channel
performing the same function. Therefore, only the Chan-
nel 1 circuitry is described.

An input signal from the Channel 1 input connector is
routed through an attenuator network by four pairs of
magnetic-iatch relay contacts. The position of the relays is
set by data placed into Attenuator Contral Register U511
by the System pP. Relay buffers U510 and U520A and
ATTEN GLK circuitry, U520D, Q620, and Q621 provide the
necessary drive current to the relay coils.

Four input coupling modes (1 M& AC, GND, 1 M2 DC,
and 50 £ DC) and three attenuation factors (1X, 10X, and
100X) may be selected by clasing different combinations of
relay contacts. The relay contacts are magnetically latched
and, once set, remain in position untii new attenuator set-
tings are loaded into the Attenuator Control Register and
clocked by the ATTEN CLK circuitry. (See the “"Attenuator
Control Register” description for a discussion of the relay-
latching procedure.) The three attenuation factors, along
with the programmable and variable gain factors of the
Vertical Preamplifier, are used to obtain complete range of
vertical deflection factors.

The 50 O termination resistor has & thermal sensor
associated with it that produces a dc voltage (CH 1 OVL)
proportional to the input power. Should the input power
exceed the normal safe operating level for the 50 @ DC
input, the output voliage from the thermal sensor will
exceed the normal operating limit. The amplitude of this de
level is periodically checked by the Front Panel pP to
detect if an overload condition is present. If an overload
occurs, the System uP switches the input coupling to the
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1 MQ position to prevent damage to the attenuator, and
the error message “50 2 OVERLOAD" s displayed on the
CRT. At power-off, the input coupling is automatically
gwitched to the 1 MQ position 1o prevent an unmonitored
overload condition from accidently occurring.

Compensating capacitor C414 is manually adjusted at
the time of calibration to normalize input capacitance of
the preamplifier to the attenuator.

A probe-coding ring around the BNC input connector
passes probe-coding information (a resistance value to
ground) to the Front Panel puP for detection of probe
attenuation factors. The readout scale factors are then set
io reflect the attenuation factor of the attached probe.

Attenuator Control Register and Attenuator Clock

The Attenuator Control Register, composed of shift
registers U511 and U221, allows the System nP o control
the settings of the Input coupling and attenuation factors.
To set the input coupling mode and attenuation factors for
Channel 1 and Channel 2, a series of eight 16-bit control
words is sevially clocked into U221 and U511 (eight bits in
each register). Each control word is used to set the posi-
tion of one of the eight attenuator and coupling relays
(four relays are in each attenuator assembly). Each control
word will have only the bit corresponding to the specific
relay contact to be closed set Hi. Relay buffers U510 and
UB20A (for Channel 1} and U220 and U5208 (for Channel
2) are open-collector drivers that invert the polarities of all
bits. This results in a LO being applied to only the coil lead
associated with the contact to be closed; ail other coll
leads are held HI.

ATTENUATOR CLK CIRCUIT. To set a relay once the
coniro! word is loaded, the System uP generates an ATTN
CLK (attenuator clock) to Us20D pin 4 via R530 and
C530. The strobe pulses the output of U520D LO for a
short time. This output pulse attempts to turn on both
Q620 and Q621 (relay drivers) via their identical base-bias
networks. Due to the lower level from the turned on Dar-
lington relay buffer (coupled through the associated coil .
diode and either CRB10 or CRE22 to one of the bias net-
works), one transistar will turn on harder as the ATTN
CLK pulse begins to forward bias the transistors. The
more positive collector voltage of the transistor turning on
harder is fed through the bias diode (again either CR&10
or CR622) to further turn off the opposite transistor. This
action results in one transistor being fully on and the other
one being fully off. The saturated transistor supplies a
current path through the two stacked relay coils to the LO
output of either U221 ar U511 to close the selected
contacts. Once set, the magnetic-latch feature will hold the
relay set to this position until opposing data is clocked into
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the Attenuator Gontrol Register and strabed Into the relay.
All"coil lsdds for the reraining relays are set HI, and only
the selected relay will be set.

To set the seven remainirig Attenuator and coupling
relays, the sequence just described is repeated seven
more times. Whenever the System uP is informed by the
Front Panel xP that the attenuation factor or input cou-
pling has changed, the entire relay-setting procedure is
repeated for all eight refays, '

The MSB “(mostsigrificant bit) of the Attenuator
Control Register, ATD15, is Fouted back to the System uP

via CR287 and U380A (diagram ), allowing diagnostic
readback of the register contents.

* Channel 1 Preamplifier

“Preamplifier U420 converts the single-gnded input sig-
nal from the Channel 1 Attenuator. to a differential output
signal used to drive the Charnel 1 Peak Detector {U44q,
diagram 10). The device provides amplification in
predefined increments, depending on the control data writ-
ten to it from the System wxP. The Preampilifier also has
provisions for signal inversion, variable gain, verticai
Ypositioning, trigger signal pickoff, and balance control,

~ The Channel 1 vertical input signal is applied to pin A of

Channel 1 Preamplifier U420 via' G1005 and B1005, The
two series diodes to the —8 V supply, GR410 and CR411,
protect the Preamplifier input from excessive negative volt-
ages. The differential Preamplifier signal outputs (+-QUT
and —OQUT) sink 12 mA of common-mode current from the
Channel 1 Peak Detector inputs and drive those 50
inputs with a 0.25 mA per division output signal.

Control data from the System uP is clocked into the
internal control register of U420 via pin 22 (CD) by the
clock signal appiied to pin’ 23 (CC). This data causes the
Preamplifier either to multiply the normalized gain
(8 mV/div) by 2.5 or 1 or to divide the normalized gain by

2, 4, .or 10. The resulting sensitivities are 2 mV/div,.

5 mv/div,

10 mVidiv, 20 mV/div, and 50 mv/div
respectively. :

Four analog control voltages: set by the . DAG System
circuitry {diagrams 5 and ) modify the differential output
signal at pins 9 and 10 .of the Preamplifier. CH1-BAL
{Channgl 1 Balance) is applied 1o U420 pin 2 from the
sample-and-hold circuit formed by UB41B and C648
{diagram 5). This signaf is a dec-offset levei determined dur-
ing the auto-calibration procedure. The offset. value is
stored as a calibration constant in nonvolatile memory
- and, like the other DAC System outputs, is updated
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approximately every 64 ms, holding the Preampiifier in a
dc-balanced condition. ' ' )

The voltage level of the CH1-PA-POS (Channal 1
Preampiifier Position) signal, from the circuit which
includes- UB30A and UB30B (diagram 6),. vertically posi-
tions the chanriel 1 trace. When the CH1 VERT POS con-
trol on the Front Panel is turned, the Front Panel pP
detects the change and reports it to the System rP. The
System uP incorporates - the change” "and . causes
subsequent DAC System Updates to refiect the new value
in the analog voltage level of the CH1-PA-PQS signal.

A user may change the Channel 1 variable gain by
pressing the CH1 VARIABLE button and pressing the
appropriate menu_ choige buitons. The. Eront. Panel uP
detects these switch closures and reports them to the
System uP. The System uP. modifies .the memory value
that is sent to the DAC System to reflect the user-defined
variable gain factor in the CH1-GAIN-CAL signal. The
memory value that Is modified is the calibrated value

derived at. the time of instrument self-calibration and

stored in nonvoiatile memory. Selecting the CAL menu

. choice removes the variable gain modification and returns

the calibrated gain setting.

The TRANADJ1 control voitage, applied-to U420 pin &
from U661D (diagram B), compensates for the variation in
Preampilifier high-frequency response that occurs when the
preamplifier gain setting is varied. Appropriate contro! volt-
ages for each gain setting are determined at factory instru-
ment calibration and ‘stored in nonvolatile memory as
calibration constants. They are modified only at instrument
cailbration times. ‘

The network of R525, L460, variable G456, and variable
R436 provide additional- adjustment of the overall fre-
Quency response of the system.

A pickoff amplifier internal to U420 conditions the
trigger signal and provides the proper signal level at pin
15 to drive the A/B Trigger Generator (U150, diagram 11).
The pickoff point for the trigger signal is prior to the addi-
tion of the vertical-position offset, so the position of the
signal on the CRT has no effect on the trigger operation.
However, the pickoff point is after the Preampiifier balance
and variable gain have been.added to the signal, 'so both
of these functions affect trigger operation.

Common-mode signals are rejected from the trigger sig-
nal by the circuitry composed of operational amplifier
U230B and associated companents. The inverting input of
U230B (pin 6) is connected to the common-mode point
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between +PICK (pin 12) and —PICK (pin 15) of U420. Any
common-mode signals present are inverted and applied to
a common-mode point between R1 33 and R235 to cancel
the signals from the differential output. A fitter network
composed of LR421 and a built-in ¢ircuit board capacitor
reduces trigger noise susceptibility.

The drain voltage for the input FET of the Preamplifier
is provided by the circuit composed of VR420, R512,
R515, and R516. Resistors R516 and R515 are part of the
self-calibration circuitry and are used to match the gain of
the CH1-BAL signal (pin 2) with that of the output of the
attenuator.

Channel 2 Preamplifier

Operation of Ghannel o Preamplifier U320 is nearly
. identical to that of the Channel 1 Preamplifier just
described. The exceptions are that the signal obtained
from the pickoff reverse-termination return (pin 11) is used
to drive the rear-panel CH 2 OUT connector and that the
signal from the positive trigger pickoff (pin 12) is used to
drive the Video Option Back-Porch Clamp circuit (diagram
21). The output of that clamp circuit is an offset signal,
applied to the Channel 2 Preamplifier at pin 3, that is used
to remove ac power-supply hum from the display of a
video signal applied to the Channel 2 input when the Video
option is In use.

The amplified Channel 2 +PRTR signal from U320 pin
11 provides an accurate representation of the Channel 2
signal at the rear-panel CH 2 OUT connector. The +PRTR
pickoff signal is applied to the emitter of Q2408 via a volt-
age divider formed by R234, R241, and R240. Transistor
02408, configured as a diode, provides thermal compen-
sation for the bias voltage of Q240A and reduces dc level
shifts with varying temperature. Emitter-follower Q240A
provides the drive and impedance matching to the CH 2
OUT connector and removes the diode drop added by
Q240B. Clamp diodes CR140 and CR141 protect Q240A
should a drive signal be accidentally applied to the CH 2
OUT connector.

External Trigger Preamplifier

The functions provided by External Trigger Preamplifier
U100 are similar to those provided by the Channel 1 and
Channel 2 Preamplifiers. The single-ended EXT TRIG 1
and EXT TRIG 2 input signals are buffered by U100 and
routed to A/B Trigger Generator U150 (diagram 11) where
they are available for selection as the trigger source for
gither the A or B trigger signal.

External trigger signal sensitivities may be set by the
user 1o allow triggering ranges of either +0.9 volts (EXT
+ 1) or +4.5 volts {EXT = 5). Larger applied voltages on
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the external trigger inputs will exceed the control ranges of
the Trigger System. The logic levels of control bits applied
to U100 pin 30 (GA3) and pin 31 (GA4) from Source Select
Control Register U140 (diagram 5) set the gain of the EXT
1 and EXT 2 Preamplifiers respectively.

Dec offsets in the output signal due fo any tracking
differences between the +5 V and the -5 V supply to
U100 are reduced by the Tracking-Regulator circuit com-
posed of U120, Q110, and associated components. Opera-
tional amplifier U120 and Q110 is configured so that the
output voltage at the emitter of Q110 follows the —5 V
supply applied to R210. This tracking arrangement
ensures that the supply voltages are of equal magnitude to
minimize dc offsets in the output signals.

PEAK DETECTORS AND
CCD/CLOCK DRIVERS

The Peak Detectors and CCD/Clock Driver arrays
(diagram 10) form what is essentially a very fast analog
shift register. Waveform samples from each Preamplifier
(U320 and U420, diagram 9) are loaded into the shift regis-
ter array at a selected sample rate up to 500 Megasam-
ples per second and ciocked out of the array at a slower,
fixed rate for digitization by the A/D Converter (see
diagram 15).

Peak Detectors U340 and U440 are hybrid devices hav-
ing two modes of operation: “track” and ‘peak detect.”
For NORMAL and AVG (average) acquisition modes, the
Peak Detectors track the Input signal and provide signal
gain from the Preamplifiers 1o the CCD arrays. In ihe
peak-detect mode used for ENVELOPE acquisitions at
sweep speeds of 500 ns per division and slower, the Peak
Detectors detect and hold the most positive and the most
negative amplitude vaiue of the input signal that occurs
during each sampling interval. The peak values are
amplified as in the NORMAL and AVG modes and applied
to the input registers of the CCD arrays to produce a com-
posite waveform of the most positive and most negative
waveform amplitudes.

CCD/Clock Drivers U350 and U450 are hybrid devices
containing a charge-coupled device (CCD} integrated
circuit, a Clock Driver integrated circuit, and a symmetry-
delay adjustment integrated circuit. The charge-coupled
devices are very fast analog shift registers. Differential sig-
nals applied to the inputs of the CCD's from the Peak
Detectors are sequentially clocked into the CCD registers
at the processor-selected sample rate as determined by
the SEC/DIV switch setting. Movement of the analog
samples through the CCD arrays is controlled by the Clock
Driver circuitry of the devices. Shifting the samples out of
the GCD to be digitized is done with the combined clocking
action of the internal Clock Drivers and the clock signals
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supplied externally to the CCD via Q450, Q480, and Q551.
All ontrol-logic for the CCD/Clock Drivers, with the excep-
tion of the RESET signal from the System Cilock circuitry
(diagram 7); is derived from Phase Clock Array- U470
{diagram 11). R AL IS S S

Signal sampies from both vertical channels are continu-
ously loaded into and shifted through the GCD arrays uniil
a trigger event occurs. The Time Base Controller (Us70,
diagram 8) then aliows a specific number of further analog
samples to be shifted into the arrays depending on the
number ‘of post-trigger samples needed fo fill the
waveform record. That number is determined by the TRIG
POSITION setting for the acquisition. When the necessary
samples have been loaded into the arrays, sampling i§
halted. The differential analog samples stored in the CCD
arrays are then shifted out of the CCD to the GCD Output

circuitry (diagram 14) where. they. are.conditioned and mul. - -

 tiplexed to the A/D Gonverter to be digitized.

Peak Detectors

The Peak Detectors provide peak detection, gain, and
buffering of the CH 1 and CH 2 signals. Peak detection is
enabled. for ENVELOPE mode acquisitions, and then only
when  the acquisition rate is 500 ns per division and
slower, but. signa buffering is provided for all acquisition
modes. Operation of both Peak Detectors is the same;
therefore, the description is limited to the GH 1 circuftry. A
simplified block diagram of the Peak Detector is shown in
Figure 3-4. '

Two user-selectable  bandwidth  limiters provide
bandwidth reductions to.elther 20 MHz or 100 MHz for the
signal through the Peak Detectors. With the Video Option
Installed, one of the 20 MHz limiter coils (L531 for CH 1} is
adjustable to optimize the 20 MHz response for video sig-
nal operation. Without the option, both 20 MHz bandwidth
limit coils for each Peak Detector are fixed values. The
100-MHz bandwidth Is adjusted by R431 for GH 1. The
input stage of the Peak Detector is where bandwidth limit-
ing is switched. Three bandwidth-select bits (FULL,
100MHZ, and 20MHZ) appiied from the Peak Detector
Control register (U530, diagram 5) control the bandwidth.
Only one control bit at a time is set HI, and that bit
controls the input amplifier bardwidth accordingly.

The differential signal from the CH 1 Preamplifier is
applied to the CH 1 Peak Detector {U440) on input pins 4
and 6. In ENVELOPE acquisition mode, two sets of two
fast-peak detectors’ following the input stage are used to
permit continuous peak detection of negative and positive
peaks of the input signal. While the PDA fast-peak detec-
tor is detecting a negative peak, the PDB peak detector is
heolding the last peak or resetting and vice versa (see table
in Figure 3-4). Each of fast-peak detectors is followed by a
- slow-peak detector to increase the peak-hold time to the
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CCD input register. The outputs of the positive - peak
detectors are multiplexed to the differential OUTEVEN pins
(pinrs 33 and 35) while the outputs of the negative peak
detectors are multiplexed to the differential OUTODD pins
{pins 26 and 28). _ :

For NORMAL and AVERAGE acquisition modes, the
Peak Detector operates in the track made. To. track the
input signal and supply buffering only to the .input signal,
pin 21 (PD) is set HI and pin 22 (SLOW/FAST is set LO,
and the differential peak-detector clock signals (PD1 and
PD2) are held at fixed levels (PD1 LO and PD2 HIj. The
signals bypass the internal peak detector stages and
proceed directly to the output stages. The differential out-
puts at OUTODD and QUTEVEN follow the input signal at
a signal level of 200 mV/division. Loading of the outputs is
provided by resistor_networks. inside. the. CGD/Clock--Driver
which return to adjustable voltage sources VCC13 and
VCC24 provided by the Gommon-Mode Adjust circuits
(discussed later). - : -

Peak detect mode for ENVELOPE acquisitions is turned
on by setting PD LO at pin 21 and SLOW/FAST Hi at pin
22 of Peak Detector U440, The differential EGL peak-
detector clock signals (PD1 and PD2) toggle under control
of the Phase Clock Array (U470, diagram 11) to control
the internal peak detector switching and multiplexing of
the positive and negative peaks to the OUTODD and
OUTEVEN stages. The table in Figure 3-4 shows timing of
the peak detector clocks and illustrates how alternate
peaks are applied to the IN13 and IN24 inputs of the CCD.

Bias current for the input stage of U440 is set by R430
on pin 47, and output stage bias is set by R440 on pin 32.

The +CAL ard —CAL inputs at pins 8 and 10 are
identical to the signal inputs, but they are used only for the
application of test signals during calibration or diagnostic
testing. Selection of the inputs is controlled by the
CAL/SIG signal. The test sighals applied to pins 8 and 10
from the DAC System are used for testing and calibrating
the Peak Detectors, the CCD/Clock Drivers, the CCD Out-
put circuits, and the A/D Converter.

Common-Mode Adjust

The Common-Mode Adjust circuits (U540A and B,
Q540, Q640, and associated companemts) vary, under
control of the System wP, the common-mode voltage
levels at the output of the CH 1 Peak Detector. {Simitar
circuitry performs the same task for the GH 2 Peak Detec-
tor.) These voltages are adjusted at instrument calibration
to- optimize CCD operation.. The CH 1-OUTODD
Common-Mode Adjust circuit is described; the remaining
Common-Mode Adjust gircuits Operate identically.
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Figure 3-4. Simplified Peak Detector block diagram.
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U540A, 840, and associated circuitry are configured
as an operational amplifier capable of high current output.
This “op-amp” outputs g supply voltage as VCCODR. to
the Peak Detector, U440, and &s VCC13 to the
CCD/Clock Driver,- U450. 1t compares VCCODD/VCC13
with the CM10DD control voltage supiied by the DAC sys-

tem and varies VCCODD/NVCC13 dependent on control

voltage. Varying VCCODD/VCCi3 controls the common-
. mode voltage levels at the peak detector outputs which, in
turn, optimizes the CCD operation.

The op-amp configuration sources both the load current
for the OUTODD Peak Detector's differential output
stages, OUTODD+ and OUTODD—, as well as the
VCCODD voltage supply to those autput stages. Qutputs
OUTODD+ and OUTODD - always sink a common-mode

current of 45 mA. This constant current, sourced by R651

and Q640 of the op-amp, flows through internal load resis-

tors-inside-the~GED/Clock” Driver; U450; Sifce Thase Tesis.

tors provide a common-mode load of 50 2, a constant
2.25 volts is dropped from the VCC13 source at pin 13 1o
the differential inputs IN13- and IN13— at pins 11 and 12
of the CCD/Clack Briver. : .

It the CM10DD 'voltage set Is changed by the System

uP, operational amplifier U540A compares the VCCODD - -~

level with the attenuated CM10DD Jevel output from the
DAC System. The output of U540A drives Q640 to supply
more or less current to its collector circuit., The constant
45 mA common-mode current drawn by pin 13 of U450
doesn't change; therefore, the change in current serves to
raise or lower the supply voltage to the peak detector out-
put stages at pin 25 of U440.

- R651 reduces stress on Q640 by supplying part of the
total current sourced to the peak detector outputs; via pin
13, U450, and the Voltage supply for those stages, via pin
24, U440. Emitter resistor R647 current-limit protects
Q640 if a short or overload occurs. Resistors R647 and
R651 also limit the voltage gain of Q640 to stabilize the
feedback loop of the Common-Mode Adjust circuit.

Charge-Coupled Devices {CCD)

The CCD portion of the CCD/Clock Driver hybrid is a
MOS-type integrated circuit that functions as a very fast
analog shift register. A signal applied to the input is sam-
pled by being converted to charge packets. These charge
packets are then shifted through the CCD registers by
MOS-circuit gating at intervals determined by the clock
rates applied by the Clock Driver integrated circuit portion
of the hybrid. The internal arrangement of the CCD analog
shift registers and the total amount of storage space per-
mits the input signal to be sampled at a high clock rate
when necessary for the higher frequency signals. The
charge packet samples are temporarily stored and then
shifted out of the CCD at a much slower rate than the
sampling rate. An inexpensive A/D Converter can be used

- to digitize the signal and slower memory circuits used to
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store the digitized sampies. This type of operation is called
Fast-In-Slow-Out (FISO) and is used at SEC/DIV settings
of 50 us and faster, At SEC/DIV settings of 100 gs and
slower, the CCD runs with a constant clock rate of
500 kHz in a mode called Short Pipeline {discussed later).

A simplified diagram of one-quarter of one CCD is

- shown in Figure 3-5. The quarter shown, called Side 1, is

nearly identi¢al to the other three sides (2, 3, and 4) of the

- CCD. Althiough' all four sides of a CCD shift charge

packets simultaneously, they take samples 90 degrees
out-of-phase with each other, thereby achieving an

- effective sample rate of 500 Megasamples per second

while clocking each CCD side at only an 8 ns rate.

Each of the four sides of each CCD can temporarily
store 272 analog samples:for a total of 1088 samples per.

channel. Although only 1024 samples  are .needed Tfor-

conversion to the 1024-byte waveform record, the 64 extra
samples are needed for proper clock switching between
the Fast-In and Slow-Out portions of the FISO cycle,

The CCD has a Serial-Paraliel-Serial {8-P-S) architec-
ture. Each side has an 8 sample serial input “A” register,
an 8 X 34 sample paraliel storage “B” register, and an 8

sample serial output “C” register. Two such SPS sections

are shown in Figure 3-5.

In addition to the SPS registers, a fourth register is pro-
vided between the input node and the A register. This

register, called the Lead-in or L register, is what

distinguishes each of the four sides of the CCD and
causes them to sample 90° out of phase.

All the registers require two-phase, complementary—gate'

clocking to move the sample charge packets through the

CCD. Hence, there are two A register clocks, two’
B register clocks, and two G register clocks. There are’

four L register ciocks in order to produce the four sampling
phases. There is also a Transfer In (T1) clock to shift sam-
ples from the serial’ A register into the B register and a
Transfer Qut (TO) clock to move them from the B register
to the C register. All gates are driven with bipolar signals
of nominally —5 V to +5 V.,

Sampling into any of the CCD sides occurs on the fal-
ling edge of the first gate in the L register. The interfaces
between the L registers and the corresponding A registers

are identical. However, by varying the length and clocking

of the L register, samples can be taken in different sides
on sach of the four L clock falling edges while stil] shifting
all samplas simultanecusly fnto the A registers. The
nomenclature of the sides corresponds to the number of
the L clock which samples the charge packets into that
side. Hence, a sample is taken first into side 1 , then
side 2, and so on.

When charge packets arrive at the end of the
C register, they are converted to an output voltage by the



Theory of Operation—2440 Service

A REBISTER
8 LONG

/— { NE)
B REGISTER (34 LONG)

TRANSFER
DUT GATES

€ REBISTER
(B LONG)

/— OUTPUT WELL

/ N
) —_——_— == - — = = = = T " T | f
1
II’_ e - —_——_— —— — = = = — 7 —
l/"‘ e — . — e — = — e e — T —_—
_______________ — QUTPUT
= ~ HA
|r— —_— e e — — —— e—— e e T T _—
N —_——_———— - - === = = = = 7 - SOURCE
A REBRSTER [ FOLLOMER
e - e e == = = = T R
d —F - — - — — = = — = — —
: |
L REBISTER | \_— .
CLKS - 4 TRANSFER
— T | N IN GATES
1
SIBNAL \_
INFUT i+ L REGISTER
T1 mmﬁngsmn + 004
B RESISTER
GLKS ¢ 4+ RESET
CLK
TD TRANSFER ¢
CLX
¢ REBISTER
CLKS 2
I
SIGNAL
INPUT 1= /7L RESTSTEA
w| ! n| ©
zZ| & el z OUTRUT
J| = S| 3 1-
[L]
m [»:]
5l o ol &
oo ol ¥ SOURCE
ol k& ol ) FOLLOWER
ol Z O w
w! = Z| w
T E Ei o«
< = r_L
. _
8 REGISTER (34 LONE)
QUTPUT WELL
6603~39

Figure 3-5. Simplified CCD architecture.
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output source follower amplifiers. The RESET clock
discharges the output ‘wells between output sample inter-

vals so that charge' does not accumulate at the input to
the source-followers.

in FISO mode, 8 samples are shifted down the seriaf
input of A register at a clock period equal to 0.08 times
the SEC/DIV setting. On every eighth clock cycle, the posi-
tive A2 clock pulse is replaced by a single positive T! pulse

that moves all the charge packets into a transfer-in regis- - '
ter at the head of the B register array. The A register is .

‘then empty and ready to accept new serialin samples,
The B register clocks run at 1/8 the speed of the A

register clock rate so that the A register will be filied prior -
to each B register clock. In this way, the B-register is filled -

with samples that are moved in paraligl through the array.

During this Fast-In portion of the input cycle, unneeded
charges that arrive at the output C register due to the way’

50 Q@ to view them. Using the standard 10 MQ probe will
cause the signals to have a displayed rise time of about
30 ns; the actual rise time internally is less than 2 ns.

Bias ctrrent for the Channel 1 high-speed drivers is set
by the feedback circuit of U360B and Qa7s. The drivers
are biased by injecting current into the IS input (pin 37).
increasing the current makes the LO level of the high-
speed clocks more negative; decreasing the current raises
the LO level. The HI ievel of the clocks is always within a
few hundred mV of the -5 v supply to the hybrid. For

“controling the negative clock level, the common-mode

level of the L1 and L3 clocks at the PL1 and PL3 outputs
is applied to the input of U3B0A. This level is compared to
the midpoint between the +5V and —&V supplies.
Operational amplifier (J360A drives the base of Q375 to a

level such that' the current injected into IS sets the

common-made level of PL1.and_PL3.equal-to-the veltage

T SIS

-the .input . signal. is.. continually- ~sampled - {until-~-a~trigger

ocours) are emptied from the CCGD through the output
diffusions (OD13 and OD24). When the Time Base
Controller determines that the proper number of samples
have been stored in the GCD after the trigger occurs, the
mode changes to Slow-Out. The register and RESET
clocks then toggle at a constant 500 kHz rate to shift take
samples out of the CCD to be digitized. The B register
clocks pulse once during every eighth C register clock
cycle to shift eharge packets into the C register.

The Short Pipe mode of the CCD s in effect at
SEC/DIV settings of 100 us and slower. The CCD is
Operated at a continuous 500 kHz rate. Samples are
shifted serially through the CCD via one B register channel
only. The Tl clock toggles continuously to move the sam-
ple charge packets from the first A register position into
the active B register channe!, shown in Figure 3-5 as the
Short-Pipe Path.

All chafge packets exit the CCD through the output
diffusions (OD13 and OD24) which are biased at approxi-
mately 11 volts by operational amplifier U460A.

Clock Drivers

The Clock - Driver integrated .circuits internal to the
CCD/Clock Driver hybrids develop the two “A" register
clocks, the two “B register clocks, the four “L” register
clocks, and the transfer input (T1) and transfer output (TO)
clocks for the CCD. The high-speed A, L, and Tl drivers
are ditferential class A drivers through thick-film load resis-
tors on the hybrid. The B Register drivers are slower with
active pull-up and pull-down totem-pole outputs similar to
conventional TTL driver outputs. The TO gate is con-
nected on the hybrid to the B2 gates and driven by the B2
driver output.

The Lt and L3 high-speed clocks are accessible at
probe pins 18 and 19 of the hybrid devices. These ping
(PL1 and PL3) are isolated from the actual CCD gates by

“internal 875-Q series resistors. Terminate the signals into
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at pin 3 of U360A (the voltage” supply midpoint value).
Since the HI clock levels at PL1 and PL3 are approxi-
mately at the +5V supply level, the LO levels of the
clocks then are set to approximately the —5 v supply
level. Bias stability is thereby maintained over
temperature and component variations,

The fogic inputs for the A, L, TI, and B drivers are all
ECL levels from U470, the Phase Clock Gate Array. Resis-
tor array R470 provides proper termination for the ECL
logic inputs to the CH 1 Clock Drivers. Fine adjustment of
clock timing for the L, A, and T clocks is necessary to
insure that the CCD transfers charge optimally, and that
samples are taken at the right times in each of the four
sides. The symmetry-delay integrated circuits provide this
adjustability. These circuits sit between the ECL logic
inputs to the hybrid and the clock driver integrated circuft.
They accept the ECL level inputs and produce ECL ievel
outputs which have several nanoseconds of adjustability of
both the rising and falling edges. R442 through R449 are
the calibration adjustments for the symmetry and delay of
the L, A, and TI clocks. The dc level, "vip," applied to

. U480B's input by U470, is the internal ECL threshold volt-

age of U470. This threshold is buffered by U460B and

- provided as the reference for the ECL inputs to the

symmetry-delay integrated circuits. This provides stable
logic switching times without the need for true differential
ECGL logic between U470 and U450,

“C” CLOCK DRIVERS. These are external clock drivers
consisting of Q450, Q460, and associated compeonents.
They provide the necessary —5V to +5 V clock swings
for the CCD C register gates. Each driver is simply an
inverting buffer which accepts TTL inputs from the Phase
Clock Array. During the Fast-In portion of the FISO
acquisition cycle, the outputs of both drivers are held HI by
the Phase Clock Array. During the Slow-Out portion of the
cycle, and at SEC/DIv settings of 100 us and slower, the
C Clock Drivers toggle at a 500 kHz rate with a 50% duty
cycle. When toggling, the C2 output is 180° out-of-phase
with the C1 output for normal two-phase clocking.
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RESET DRIVER. This driver consisting of Q551 is ident-
ical to the C Clock Driver states. it takes the RESET sig-
nat input from U731C in the System Clocks circuitry
(diagram 7). Like the C Clock Drivers, the Reset driver is
driven HI during Fast-in and toggles at other times. The
Reset driver output is held HI for only 200 ns of the 2 us
clock period.

—2 V Regulator

A —2 V supply needed to terminate ali of the high-
speed ECL signals on the Main circuit board is formed by
U5B0B and Q580. The circuit is a simple series-pass regu-
lator with R585 and RE86 developing the —2 V reference

for operaticnal amplifier USBOR from the —5V supply.

Feedback is through R587. Collector load resistors R486,
R487, and R488 limit the power dissipation of Q580 and
protect it from possible short circuits of the —2 V supply.

TRIGGERS AND PHASE CLOCKS

In this scope, the acquisition system continuously
acquires input samples. When the user-specified number
of “pretrigger’ samples have been moved into the CCD
arrays, the trigger system is allowed to recognize trigger
events. Sampling of the signal input to the CCD arrays
continues (with new samples pushing out old samples)
until a trigger occurs. After the trigger, the number of
“posi-trigger” samples needed to fill the waveform record
are moved into the CCD arrays and sampling is stopped.
The acquired samples are then moved out of the CCD
arrays, digitized, stored to memory, and displayed. The
acquisition system then begins again to fill the “pretrigger
window" for the next acquisition; and, when that has been
done, the trigger system is enabled to lock for the next
trigger event.

The Trigger circuits (diagram 11) detect when the user-
defined triggering conditions are met and then ailow the
acquisition to be completed. When the triggering signal lim-
its defined by the user for slope, level, and variable holdoff
are detected by A/B Trigger Generator U150, the resulting
trigger output is applied to Trigger Logic Array U370,
where triggering conditions of delay maode, delay time or
defay events count, and optional trigger sources are taken
into consideration. The Trigger Logic Array outputs several
trigger-recognition and acquisition-control  signals that
cause the acquisition system to finish the *post-trigger”
portion of the acquisition.

The Phase Locked Loop and CCD Phase Clock circuits
(diagram 11) contro! sampling and shifting operations of
the CCD/Clock Driver hybrid. The Phase Locked Loop
synthesizes the 500 MHz sample clock driving the CCD
Phase Clock Array. The CCD Phase Clock Array uses this
“master” clock to generate other CCD clocks in accor-
dance with mode data written to it from the System wP.
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A/B Trigger Generator

The A/B Trigger Generator circuit, composed of U150
and associated components, provides for selection and
analog-type trigger detection from five input signals for
each of the A and B triggers. These are the CH 1 and
CH 2 vertical inputs, the EXT 1 and EXT 2 trigger inputs,
and the line-trigger input (A trigger only). Two muliiplexers
internal to U150 select one of these signals as the trigger
source for A Trigger and one (excluding the LINE signal)
for B Trigger. Source selection depends on the states of
the SROA, SR1A, and SR2A (source select—A trigger)
lines for the A Trigger and on SROB, SR1B, and SR2B for
B Trigger. The appropriate select bits are written into
register U140 by the System uP whenever the operator
makes a triggering condition change using the trigger
source menus.

Control data from the System uP defining trigger mode,
trigger coupling, and trigger slope are clocked serially (one
nit at a time) from the CD (control data) line into two
storage registers Internal to U150. Clocking the CCA (con-
trol clock A) line moves the setup data to the A controi
register, while clocking CCB moves data to the B control
register. When the control data has been loaded, each
trigger circuit begins comparing its selected input signal to
the user-defined trigger level for that trigger channel.

When the defined triggering, criteria are met for_either A
or B, the associated trigger outputs (ATG, ATG for
A Trigger; BTG, BTG for B Trigger} will go to their
asserted (true) states. The exception is when the A Trigger
holdoff has not finished (ATHO is still HI). When the holdoff
ends, however, the next trigger event on the selected
A Trigger input will assert the A Trigger output gates.

Each differential trigger gate is inverted and current
buffered by a pair of differential transistors that allow guick
response to the trigger edges by Trigger Logic
Array U370.

Trigger Logic

The Trigger Logic circuit consists primarily of Trigger
Logic Array U370. The Trigger Logic Array provides final
trigger-source  selection;  trigger-point delays, delayed
either by a specified amount of time or by a specified
number of events; and ramp-control signals to the Jitter-
Correction circuitry for resolving trigger-point ambiguities.
The Trigger Logic Array also produces the trigger and
external clock signals necessary to control operations of
the CCD Phase Clogk elrcuit.

The three enable inputs to U370, E1B (A3), E2B (WR),
and E3B (ACQSEL), are all set LO whenever writing 1o
addresses between 6080h and 6087h to enabie the
address inputs (A0, A1, and A2). The choice of eight
addresses between 6080h and 6087h provides for different
operating requirements of the Trigger Logic Array.
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Depending on the address written to, ofie of the foliow-
ing actions may occur:

Mode control data may be lodded into the internal
mode register. - Lo

‘The Internal events’ and "delay cotinter fow-byte or
high-byte of the number of events to be counted or
delay may be loaded. -

Various strobes used for internal control of the Trigger
Logic Array may be generated. -

Table 3-5 shows the action taken for each address
selected.

Table 3-5
Trigger Logic Array Addresses . _........
T T 6080h-5087h)

 Address Bits Circuit Operation
' _ Initiated
A2 | A1 AD .
0 0 0 | Restart Acquisttion
0 1 Force Manual Trigger -
0 1 0 Load Mode Controf Data
‘ from MO-M7
0 1 1 Latch Delay Counter Low-
Byte from MO-M7
1 0 0 Latch Delay Counter High-
‘ Byte from MQ-M7
1 o 1 Load Delay Counter from
Delay Latches '
1 1 0 . Select Events in FISO,
Delay by Events, or Short
Pipe :
1 1 1 Reset All Latches

As previously mentioned, U370 provides final trigger-
mode and source selection, dependent on data written
from the System uP to a control register within U370 at
address 6082h. The mode control data byte loaded from
the MO-M7 input bus is built by the System uP and applied
to the MO-M7 (mode) inputs from serial-input register U270
(diagram 5)'via the GADO-GAD7 bus lines. The data byte
defines the A Trigger source, B Trigger source, Record
Trigger source, Jitter Trigger source, and whether a single
event or multiple events are needed to produce a trigger.
Bit definition is shown in Figure 3-5.

After the controf data byte is loaded and the acquisition
is restarted, Trigger Logic Array U370 waits for EPTHO
{end of pretrigger holdoff) to go HI at pin 28, indicating that
- the acquisition system has sampled the “pretrigger” points
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and is ready to complete the acquisition, With EPTHQO set

RI, the trigger logic begins watching the trigger source (as
defined by the control data byte), waiting for a trigger
event to occur. - ‘ o

Operation: of the Trigger Logic Array-is very sequential
in the way it functions in the various trigger modes. An
example is flilustrated in the sequence of events for
B RUNS AFTER trigger mode. .

1. The System 4P loads ‘the “delay count” and “control
mode" registers, then starts the acquisition (indicated by
setting RSTACQ H| at TP370). ‘

. 2. The Trigger Logic Afra_y iva_ftches for EPTHO at pin
2B to go Hi; signaling that the defined number of pre-

trigger points have been sampled. -

3. With EPTHO HI, the Trigger Logic Array watches
MTG and MTG (main trigger gate} for an A trigger event to
start the delay counter. When. a_trigger occurs, JTRIG
(iitter trigger) is generated, starting the jitter-correction cir-
cuits (via the RAMP and RAMP signals). - '

4. The defined delay count is decremented to zero-hy
the DELCLK (delay clock) signal on pin &7 from Phase
Clock Array U470. If the mode were A Delayed by
B Events, the B Trigger events would be used to decre-
ment the delay counter. .

5.In this example, when the internal Delay count
reaches 0, a RTRIG {record -trigger) is generated for
B RUNS AFTER. RTRIG is the “record trigger” point on
the displayed waveform. If the mode were B TRIG AFTER,
the Trigger Logic Array would begin watching. for a. B
Trigger to occur on the DTG and DTG input pins (Delay
Trigger Gate). ' '

- 6. Time Base Controller- U870 (diagram 8) counts the
post-trigger samples as they are acquired. When the
required count is reached to complete the acquisition, it
resets EPTHO to LO and further triggers from the Trigger
Logic Array are prevented from being generated.

The Time Base Controller then starts moving digitized
samples to the Acquisition Memory and, when finished,
tells the System P that the acquisition is done. The Sys-
tem pP may then restart the whole process again for the
next acquisition by writing appropriate data to the various
trigger registers.

In_external clock mode, the differential EXTCK and
EXTCK (external clock) signais to the Phase Clock circuit
replace the normal master-clock {MCLK} signal and allows
the B trigger events to be used as. the - events
delay source. .
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CONTROL DATA BYTE

A2 AL AD M7 ME M5 M4 M3 M2 M1 MO
0 1 0 JT1 JTO RT1 ATO [ONEVNT| BTO ATA ATO
4 1 0 DON'T CARE EVOEL | SELEVENTS | ABTRIG
JITTER TRIGGER BITS RECORD TRIGGER BITS
JT1 JT70 SOURCE RT1 RTO SOURCE
0 0 A TRIGGER 0 0 A TRIGGER
0 1 B TRIGGER 0 1 END DELAY TIME
1 0 END EVENTS 1 0 END DELAY EVENTS
1 1 B TRIGGER _ 1 1 8 TRIGBER
ONE EVENT BIT B TRIGGER BIT
BTO SOURCE
ONEVNT | EVENTS=1
0 DELAYED INST. TRIGGER
0 NO
1 WORD TRIGGER OPTION
1 YES
A TRIGGER BITS DELAY BY EVENTS & TIME BIT
ATY ATO SOURCE EVDEL MODE
0 0 MAIN INST. TRIGGER 0 " NOT DELAY BY EVENTS AND TIME
0 1 VIDEO TRIGGER OPTION 1 DELAY BY EVENTS AND DELAY BY TIME
1 0 WORD TRIGGER OPTION
1 4 A*B TRIGGER
SELECT EVENTS BIT AB COMBINATIONAL TRIGGER
SELEVENTS MODE ABTRIG SOURCE
0 FISO ONLY, NO EVENTS 0 A AND B
1 DELAY BY EVENTS OR SHORT PIPE 4 INTERNAL MODE ONLY

B603-40A

Figure 3-6. Trigger Logic Array Control Data Byte.
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The A TRIG. and R TRIG outputs from Q287 and Q288
are TTL-buffered versions of the carresponding trigger sig-
nals and are routed to rear-panel BNC connectors.

Phase Locked Loop

The Phase  Locked [Coop circuit synthesizes . the
500 MHz clock used by the Acquisition System. It consists

of Phase/Frequency comparator U381 amplifier U5S80A, a -

voltage-tuned tank circuit, and a divide-by-50 counter inter-
nal to Phase Clock Array U470. The tank-cireuit resonant
frequency is set by the value of voltage-controlled capaci-
tors CR580 and CRE82. The resulting clock is divided by
50 by the counter and is applied to the phase-frequency
detector U381 on the TENREF line. The TENREF signal is
compared to the referehce clock 10 MHz, and any phase

or frequency error -appears at the output of U381 as

-.variable. .width - pulses.-.Thage- pulsesare “integratad - by

UBB0A to produce a dc voltage that represents the phase
difference (fast or slow) and magnitude of error between
the 10 MHz clock and the divided down master clock. This
is the frequency-control voltage and varies the capacitance
of varactor diodes CR580 and CR582, part of the tank
circuit formed by the circuit board delay line, CR580 and
CR582. The tank is tuned by the control voltage so that
the master clock frequency is precisely 50 times the
reference frequency.

CCD Phase Clock

The CCD Phase Clock generates properly phased and
frequency-related clocks that control most of the Acquisi-
tion systern. These functions include moving samples into
the CCD arrays, shifting within the arrays, fitter-correction
control, peak-detection control, and trigger-delay clock
generation. These clocks are derived from the 500 MHz
master clock generated by the internal oscillator and the

Phase Locked Loop circuit,

Two operating modes exist for the CCD arrays; FISO
(fast-in, slow-out) and Short-Pipe. The Phase Clock circuit
fs set up to genherate proper clocking signals for either
mode by leading data inte Gate Array Control Register
U270 (diagram 5). This data is applied to U470 on the
CCO0-CC4 {chip contro 0-4) lines and on the PDOFE {peak
detector off) line. The PDOFF line enables/disables the
peak-detector output lines (PD1, PDT, PD2, and PD2) and
thus peak detertion mode (see that description). The CC4
input controls whether the scope uses a non-Delay- or a
delayed-by-time trigger source. if Horizontal mode is B and
B Trigger Mode is B delay-by-time, is in normal {or delay
by time trigger mode. When set high, the phase clock will
choose the RTRIG signal as the trigger source for delay by
time. If set tow, the phase clock will choose JTRIG as the
source. The GCO-CC3 Inputs control operating mode and

. clock selection as shown in Table 3-6.
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FISO MODE. As explained in the CCD description, each
CCD is made up of two identical differential channels using
a serial-parallel-serial (SPS) structure. Samples are moved
into and shifted within the CCD arrays. using properly
phased, overlapping clocks. Figure 3-5 shows a basic CCD
structure (see CCD description, diagram 10).

Depending on which of the four sides of the CCD is
being acquired, the gorresponding sample gate (L1, L2 13
or L4} will go Hi. This moves the present level of the input
signal into the input well of the CCD arrays. Before the
sample gate returns LO, the ¢1A (phase A1 register) clock
goes HI and the charge is shared by the adjacent cells
{input and ¢1). When the sample gate retums LO, aj
charge moves to the ¢1 cell, The #2A clock then goes HI
and charge is distributed into both the ¢1 and 92 cells.
When ¢1 returns LO, all charge will move into the 2 cell,

‘When 8 samples have been acquired in the A register,

-the TI {transfer into B) clock moves all 8 samples from the

#1A cells in parallel into the B register. The two phases of
the B clocks shift sarmiples down the 8 paraliel B registers
in a manner similar to that just described for the A register
but at 1/8th the rate. The TTLET clock (TTL-version of B
clock ¢1) is output to the Time Base Controller and allows
it to keep track of how many samples have been dcquired
(in multiples of 32). This allows the Time Base Controller
to know when the proper number of “pretrigger” points
have been acquired and when to enable the Trigger
Logic Array.

Onee enabled, the Trigger Logic Array begins counting
its predefined delay while samples continue to be acquired..
The DELCLK (delay clock) output to the Trigger Logic runs

- at one-half the sample-clock rate, allowing the Trigger

Logic to complete any defined delay. When delay is done,
the JTRIG and RTRIG signals ‘may be generated. When
the JTRIG occurs, the RAMP and RAMP signals from the
Trigger Logic start the Jitter-Correction Ramps. The
JTRIG signal to U470 causes the TLO and TL1 (trigger
location-bits 0 and 1) bits to Jatch the phase {H! or LO) of
the L1 and L2 clocks, defining in which quarter of the cycle
the trigger event occurred. The internal slow-ramp iogic
circuitry of U470 becomes enabled and, on the next two
edges of the master clock, asserts the two pairs of

.slow-ramp (SLRAMP) outputs.. These outputs reverse the

charge direction of the Jitter-Correction Ramp cireuits
(diagram 12) and start the Jitter-Correction Counters.
(diagram 13) on opposite edges of the master clock. See
those descriptions for further information on trigger-jitter
correction. ‘

Depending on trigger mode, the RTRIG (record trigger)
line will be asserted some time after JTRIG occurs. RTRIG
is synchronized to the B-register clock and is output to the
Time Base Controfler on the SYNTRIG (synchronous
trigger) line, teling it to start counting post-trigger sam-
ples. The RTRIG also loads z register internal to U470
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Table 3-6
Phase Clock Array Control Lines (CC3 through CCO)

Control Bits
SEC/DIV Setting Mode
cC3 CcC2 cC1 cco
EXT CLK 1 1 0 0
100 ns and faster 0 1 0 1 FISO
200 ns 0 1 1 0 FISO
500 ns 1 0 0 1 FISC
1 ps 1 0 1 0 FISO
2 s 1 0 1 1 FISO
5 ps 1 1 0 1 FISO
10 us 1 1 1 0 FISO
20 us 1 1 1 1 FISO
50 ps 0 0 0 1 FISO (Short-Pipe
Clock Source)
100 us and slower 0 1 1 1 Short-Pipe

with the present sample count fo locate the trigger event
(explained later). When the Time Base Controller has com-
pleted the post-trigger count, it will set SO (slow out) Hi,
swltching the Phase Clock Array mode from *Fast In" to
sglow Out" mode. The various phase clocks are now
derived from the 1 MHz 2XPC clock (from the Time Base
Controller) instead of the 500 MHz master clock, and
samples are shifted out of the CCD arrays at the A/D
conversion rate.

Qutputs TLO-TL4 (trigger location bits 0O through 4)
define the trigger location within +1/2 of a sample interval
and allow the extra samples taken at the beginning and
end of the CCD sample array contents 1o be discarded.
Defining and discarding these samples is done because
the trigger event may ocour at any of 32 locations within
the four A registers. Outputs TL2-TL4 locate the trigger at
one of the eight sample positions within the A register,
allowing samples before the start of the waveform to be
discarded. Outputs TLO and TL1 define trigger position
within the sample interval to one of the four sides (L1, L2,
L3 or L4) by sampling the phase of the L clocks when the
trigger oceurred.

SHORT-PIPE MODE. A second acquisition mode,
Short-Pipe mode, is used at SEC/DIV settings 100 ps/div
and stower. In Short-Pipe mode, the ¢A2 clock that
transfers samples down the input (A} register is disabled;
and instead, the T (transfer into B array) clock shifts sam-
ples straight down the first register of the B array to the
output well. Sampling occurs at 2 MHz in Short-Pipe mode
(500 kHz each side of the CCD array) as the various

phase clocks are derived from the 2XPC clock. Trigger
delays are generated at the SDC {slow-delay clock) raie
since Short-Pipe mode connects the DELCLK output to
the SDC input. Since sampling is occurring at a 2 MHz
rate and the SEC/DIV is set so that a sample rate slower
than this is required, some of the samples must be - dis-
carded. The discrepancy is resolved by Time Base
Controller by counting and discarding the proper number
of samples between those it allows to be saved. This
allows effective sample rates much lower than the actual
2 MHz rate and, by routing the SDC signal to DELCLK,
allows the trigger delays to be counted in terms of
effective sample events.

In FISO mode, the TTLEB1 {TTL-level phase B1) signal
runs at 1/8 of the A-register clock rate and is used by the
Time Base Controller to keep track of how many FISO
samples have been taken. Each TTLE1 clock indicates
that 8 sample intervals have occurred. in Short-Pipe mods,
the TTLBT clock runs at the A-register clock rate. By
using the TTLBT count and the TLO-TL4 data, the Time
Base Controller (U670, diagram 8) can precisely determine
when the acquisition is finished.

TTLCZ is a TTL version of the phase 2 clock for the C
(output) register and runs at all times except during
RESET. This is one of the signals required by the System
Clock Generators for producing correctly timed Output
Sample Clocks to the CCD Output circuitry (diagram 14)
and the RESET clock to the CCD arrays.
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JITTER CORRECTION RAMPS

The Jitter Correction Ramps located on diagram 12 are
a portion of two dual-ramp timing circuits used to detect
and measure the time difference between a trigger event
and the sample clock. This information is needed when
doing acquisitions at SEC/DIV settings greater that 100 ns
to correctly place the data points obtained on different
trigger events. The Jitter Correction Counters are located
on diagram 13.

Jitter Correction Ramps

Operation of the RAMP1 and RAMP2 circuits is identi-
cal; therefore, only the RAMP1 Jitter Correction circuit will
be described. Both Jitter Correction Ramps are initiated by
the same trigger event, but they are switched to their
slow-discharge mode on opposite edges of the sample

- clock. - By -switehing -or-opposite~edges, the" triggerpoint

has two distinct references which define the trigger point,
allowing the System uP to detect and correct for meta-
stable states ef the trigger recognition logic.

The ramp generator consists of a constant current
source used to rapidly charge an integration capacitor
whenthe trigger event occurs and a second current
source used to discharge the capacitor (more slowly) after
the proper edge of the sample clock occurs.. The fast-
charge time is the actual time from the trigger-event to the
.appropriate sample-clock” edge. The time it takes the
slow-discharge mode to discharge C491 gives a numerical
representation (counted)- of how high  the ramp level

reached when C491 was fast charging; and therefore, the

time of the fast ramp.

- Fast charging rate is determined by the constan_t'
current source formed by US590A, Q493, and associated:

compenents. The charging current is nominally 50 mA
through R590, R591, R593 and (0493. The voltage -drop
across the resistors balances the +7.5 voit reference at
pin 2 of US90A and keeps Q1493 turned on just enough to
maintain the balance at the operational amplifier-inputs.

This charge current is switched through either Q491 or

Q492, depending on whether the ramp should be ramping.

down slowly or ramping up, quickly. When waiting for a
trigger to occur, the SLRMP1 {slow-ramp 1) will be'LO,
turning Q491 on. Charging current from Q491, which
would normally charge integration capacitor C491 (and the
50 pF circuit-board capacitor), is shunted to —5 volts by
Q490, which is turned on by a HI RAMP fast ramp) signal
applied to its base.

RAMP CLAMPING. The clamping circuit made up of,

U590B, CR490, and associated components, holds the
ramp summing-node voltage (collector of Q490) at zero
volts while the circuit is waiting for a trigger to oceur (sig-
- naled when RAMP and RAMP go to their true states). The
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: ‘Sui’nming—node voltage is applied to U590B on pin 6 where
it Is compared- to the zero-volt clamp level (ground) on pin

5. When the summing node attempts to go below ground
while Q480 i3 on, US90B will conduct more to maintain the
balance at the input pins, thereby clamping the summing
node at zero volts via R592 and CR490.. .

Transistor Q380 and its associated components clamp
the positive peaks of both ramps at 3.2 volts via CR491,
This' clamping takes place at SEC/DIV settings slower
than 100 ns/div because the SLRMP signal doesn't occur
soon enough after the RAMP signal starts the ramp to
reverse the ramp slope before the +3.2 V level is reached.

RAMP SWITCHING. When Trigger Logic Array U370
(diagram 11) detects that a trigger event has occurred, it
sets the RAMP and RAMP signals to their active {true)
states. The LO RAMP signal turns Q490 off to_allow the
integration “capacitéf fo begin a fast charge, and the
HI RAMP signal turns Q392 on to reverse bias CR490 and

~ remove the clamp circuit from the stimming node.

The charging current now finearily charges C491 and
the circuit board capacitance positive (hoiding STGP1 LO
through U490} until the proper edge of next sample clock
occurs (see Figure 3-7).- This switches the SLRAMP1 and
SLRAMPT signals to their true states, turning off Q491
and turning Q492 on.

With Q492 on, the charging current is routed through
R497, preducing a HI -START1 signal and enabling the
RAMP1 Jitter Correction Counter circuit {diagram 18).

- Since Q491 is now off, C491 begins the - stow-ramp

discharge through Q495 and R493. When the voltage held
on C491 crosses the switching threshoid of U49a, STOP1
is switched HI to turn off RAMP1 Jitter Correction Counter
at the proper count. - - C

At the time of calibration, the JIT1 GAIN (jitter gain— -
ramp 1) value is set to the base of the discharge current
source transistor, Q495, so that the ratio between ‘charg-
ing rate and discharging rate is 1250:1 (approximately
20 mA from the charging current source to approximately
16 uA discharge current from Q495). The slow discharge
time of C491 allows the RAMP1 Jitter Correction Counter
to convert the peak amplitude of RAMP1 (dependerit on
the time that G491 was allowed to fast charge) into- &
count relating trigger-event position to the sample-
clock edge. ‘

After the Jitter Counter has been read, the RAMP,
RAMP, SLRAMP1, and SLRAMPT signals will be reset to
their inactive states. This again clamps the summing-node
voltage at zero volts and reapplies the charging current to
the node in preparation for the next trigger event.

RAMP2, As mentioned earfier, the RAMP2 Jitter
Correction circuit is running simultaneously, referenced to



Theory of Operation—2440 Service

RAMP (JTRIG) |

SLRMP1

SLRMP2 ,

JIT COR |
RAMP 1

l
|
.
|
|
|

JIT COR
RAMP 2

START1

I
|
|
I
|
I
|
T
1
!
START2 | [
[ 1 1
b J1T COUNT 1o
I i
STOP1 | |
I
ft———— J1T COUNT2 ———™

5TOP2 ‘ ! |

!
I
!
|
I
[
I
i
[
I
|

4917-68

Figure 3-7. Jitter Correction waveforms.

3-57



Theory of Operation—2440 Service

the opposite edge of the sample clock. The RAMP2 Jitter

Correction Counter produces a count defining the trigger

paint relative to the opposite edge of the sample clock,
Since both ramps have a possibility of an error in their
slow-ramp starting times {due to metastable switching of
the SLRAMP1 and SLRAMP2 signals) there will always be
a chance of error present in the trigger-position count. The
count from both ramps is checked, and the value closest
to the nominal' midrange count will'be used by the System
eP when placing the repetitively sampled data points. If
both counts are in etror, that acquisition is discarded.

TRIGGER HOLDOFF, JITTER COUNTERS,
AND CALIBRATOR

Circuitry shown in diagram 13 performs a variety of
functions.

The Trigger Holdoff circuits allow a delay to ocour

 betwsen the occurrence of a triggering event and when

the A/B Trigger Generator is allowed to recognize another

rigger event. Varfable Holdoff can help the user prevent

double triggering on apericdic signals (such as complex
digital words).

The RAMP1 and RAMP2 Jitter Correction Counters
measure the time difference between the asynchronous
trigger event and the actual sampling point of the

- waveform data. That information is needed by the System

uP to place the random samples taken in REPET acquisi-
tion mode correctly with respect to data points taken in
the previous acquisitions to fill the waveform record.

The Caiibrator circuit generates a square-wave output
having precise amplitude and frequency characteristics,
The CALIBRATOR signal provided at the front-panel con-
nector is useful for adjusting probe compensation and veri-
fying VOLTS/DIV and SEC/DIV calibration.

The Side Board Address Decoder inciuded in the cir-
cuitry is used by the System uP to enable the appropriate
register or buffer on the Side board to read the Jitter
Correction Counters, select the Holdoff Time, and
communicate with the Front Pane| uP.

Trigger Holdoff

The Trigger Holdoff circuit consists of a trigger-enabied,
constant current source (actually one of three selectable

- sources added to a small permanent source) used to
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linearly charge a capacitor {one-of-two  selectable cap
vafues). The resulting integrator output is a linear ramp
whose slope depends on the current-source  and
integration-capacitor selection. The ramp is applied to the
Holdoff Comparatar where - it-ig compared to the user-
definable (front-panel pot) holdoff-reference level. When the
charging ramp crosses that level, the ramp rapidly
discharges (resets) and ends the holdoff condition.

Holdoff Select

The Holdoff Select circuit, under System xP control,
determines which of the Hoidoff Current Sources and
which of the integration capacitors will be used to praduce
the hoidoff ramp. Its outputs are set by the micropraces-
sor by writing data into Holdoff Register U762, residing at
address 620Ch. Output bits HOD through HO2 (holdoif

.control bits. 0-2) -enable.their-corresponding current-source

transistor when HI. Bit HO3 is used for sefection of the
integration capacitor. The FPRESET bit allows the system
processor to reset the Front Panel pP (diagram 3).

Buffer U761, residing at read location 602Ch, allows the
System pP to check the holdoff circuit setup and to moni-
tor the status ‘of the A Trigger (ATG) and trigger holdoff
{ATHO) bits.

Holdoff Current Sources

The Hoidoff Current Sources provide the constant
currents used to charge the integration capacitors {produc-
ing a linear ramp). The circuit consists of four transistor
current sources, three of which may be tumed on or off
under control of the Holdoif Select circuit.

The bases of the four current-source transistors, Q761,
Q771, Q772, and Q773, are held one diode-drop below

45V by CR772 and R773. This results in precisely +5 v

being present on the emitter of any conducting current-
source transistor. The amount of current is set by the
value of emitter resistor(s), Transistor Q773 wil always be

-on while the other three current-source transistors can be

turned on or off by the HO contral bit via the associated
emitter diodes. A LO at the cathode of one of these diodes
will disable the assoclated current source by reverse bias-
ing the transistor junction; a HI at the cathode of a diode
enables the charging-current source via the associated
emitter resistor,

Charging Capacitor Selection

The Charging Capacitor Selection circuit composed of
Q783, Q782, and associated components, selects the
integrating capacitance. The magnitude of the charging
current from the selected current sourcs, in combination



with the capacitance value, of the integration capacitor,
determines charge rate {slope) of the holdoff ramp; and
thereby, the holdoff time. Table 3-7 illustrates the holdoff
time as a function of the selected current source and
charging capacitor.

Charging current is stored on capacitor CBB2 when
holdoff intervals less than or equal to 10 ps are desired.
For longer holdoff periods, capacitor €881 and G885 are
placed in parallel with C882 by turning Q782 on. Transistor
Q782 turns on when HO3 (holdoff select 3) is LO, turning
‘783 off. This pulls the gate of Q782 high and tums it on,
placing the paralie! combination of CBB1 and CB85 In
parallel with C882. Due to the relative capacitance ratios
(1000:1), C881 is the dominant integrating element in the
three-capacitor parallel combination.

Holdoff-Ramp Comparators

Two Holdofi-Ramp Comparators, U871 and ussi,
watch the holdoff ramp. Comparator U871 compares the
ramp level to the user-defined reference level while UBT1
compares it to a predefined “end-of-holdoff” level.

nitially, a HI on the @ output of Holdoff Logic flip-flop
UB72A keeps Q781 turned on. The integration capacitors
are discharged, and all the charging current is being
shunted away from the capacitors through Q781. The
user-definable holdoff reference applied to U871 pin 2 via
R863 will always be more positive than this discharged
level, so the output of U871 applied to the Holdoff Logic

will be HI. This removes the reset from the Holdoff Logic '

flip-flop U872A and enables the occurrence of a trigger
event (ATG geing Hl) to clock it.

When a trigger event ocours, discharge transistor Q781
turns off, allowing the selected integrating capacitors to
charge. When the charging ramp reaches the user-defined
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HOREF (holdoff reference) level, the output of ramp com-
parator UB71 will go L.O. This resets flip-flop U872A of the
Holdoff Logic which, in turn, turns Q781 back on.

The low-impedance path through Q781 discharges the
integration capacitor very rapidly. When this discharging
ramp crosses the —4.6 volt level {defined by R887 and
R888), the output of U881 will go LO, resetting the Holdoff
Logic circuit. This ends the holdoff pulse and allows the
next trigger to be accepted.

Transistor Q781 remains on until the next trigger event,
at which time the cycle repeats itself. Propagation delays
through the Analog Trigger and the Record Trigger devices
ensure that the discharging ramp will always reach the
_5V level before another trigger event can start the next
holdoff ramp.

Holdoff Logic

The Holdoff Logic initiates and controls the holdoff ramp
and produces the holdoff pulse controling the delay
between one trigger event and the next. It starts the
holdoff ramp when a trigger event is detected, begins ramp
discharge when the user-defined HOREF level is reached,
and ends the holdoff pulse when the ramp crosses the
“snd-of-holdoff" level.

Initially, the Set and Reset inputs of UB72A will be HI,
allowing the flip-flop to watch the ATG (analog trigger) line
for a trigger event. While it is waiting, its @ output will be
HI, keeping Q781 on and the integration capagcitors
discharged.

When an ATG oceurs, the HI level at the input of the
flip-flop is clocked to the Q output while the Q output goes

Table 3-7 .
Holdoff Delays vs Current Source/Charging Capacitor Combinations

Holdoff Delay Range
Charging
Capacitor Current Source
909 uA 90.0 uA 9.09 pA 827 uh
1000 pF 10 ns - 100 ns - 1 s - D
100 ns 1us 10 us E
L
10 ps - 100 ps - 1ms- 10 ms - A
1.1 pF 100 ps 1ms 10 ms 100 ms Y
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LO. This LO tums Q781 .off and -allows . the selected
current source(s) to charge.the capacitors. At the same
time, the LO is applied to pin 1 0 of UB72B, forcing its Q
output HI. This fs the ATHO (analog trigger holdoff) signal
and Indicates that an analog trigger has occurred. This sig-
nal is applied to A/B Trigger Generator U150 {diagram 11)
to prevent it: from- recognizing - another trigger untjl the
holdoff time ends. - . '

As the charging ramp reaches the user-defined (front-
panel Holdoff pot) reference level, the output from com-
parator U871 will go LO. This CROSS (reference crossing)
level is applied to UB72A and resets the fiip-flop. The @
output, now HI, turns Q781 on and begins dischatging the
ramp at a rapid rate. The HI Q output from UST2A
removes the Set level from U872B and alfows the ENDHO
{end of haidoff) level from U881 to reset the ATHO level
LO when the discharging ramp reaches —4.6 voiis.

rrmemebdia o s s e s

As mentioned earlier, propagation delays in the A/B
Trigger Generator and the Trigger Logic Array ensure that
another trigger (ATG) will not occur until: Q781 has
discharged the integration capacitors fully to —5 V. This
ensures that holdoff ramps always start from a known
_point, and thus maintains holdotf stability,

The width of the ATHO pulse represents the time from

which one analog trigger event was accepted to when the
" next trigger event is allowed (next acquisition record). By
varying this time (front-panel Holdof control) the displayed
waveform may be adjusted to exclude undesired trigger
events (which may cause display instability).

Jitter Correction Countérs

The RAMP1 and RAMP2 Jitter Correction Counters
convert the discharge time of thelr associated Jitter
Correction Ramps to binary numbers relating trigger-event
positions to the edges of the sample clock. Since opera-
tion of both Jitter Gorrection Counters is identical, only the
RAMP1 Jitter Correction Counter will be described.

The RAMP1 Jitter Correction Counter is a twelve-bit
counter that is started and stopped by signals from the
RAMP1 Jitter Correction circuit. It counts the 40 MHz
clock puises over the interval when the Jitter Correction
Ramp is discharging, thus converting the peak value of the
ramp to a binary number. Since that value is directly pro-
portional to the time difference between a trigger event
and the next sample-clock edge, the number derived by
the counter gives a precise time measurement of where
the trigger occurred with respect to the sampled data.
That information is used by the System uP to correctly
place the random-sampled data points obtained in REPET
‘acquisition mode with respect to the previously acquired
random data points as the waveform record is filled,
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Initially, the upper eight bits of the RAMP1 .Counter
{composed ‘of UB52A and U852B) are held reset by the HI
from pin 6 of UB41A, and the lower four bits are reset by
the LO from pin 5. When the STARTY {start counter 1)
input goes HI (signaling start of the slow -discharge of
integration capacitor 491, located on diagram 12), the ris-
ing edge of the next 40 MHz clock pulse will enable the
counter by citking the Q output of UB41A HI. The Q out-
put of the “stop” flip-flop UB41B is LO and enables U851B
to pass rising-edge clock pulses to U844 at a
40-MHz rate. - - o

The-counter increments’ until the RAMP1 Jitter Gorrec.
tion cireuit detects that the discharge threshold has been
crossed. -When this: oceurs, - STOP1: {stop cotinter” 1)
applied to UB41B will go HI. The next rising ‘edge of the
40 MHz clock disables UB51B via UB41R and stops

-the counter.

The System xP may then read the counter contents via
U752 at address-decoded location 620Eh and via U750 at
620Ah. Counter contents for the B \itter ‘Corréction
Counter may be réad at location 620Fh and 620Ah,

' When the jitter ramps are reinitiated (in preparation for
the next trigger event), the START1 and STOP1 signals
will return LO. The next rising edge of the 40 MHz clock
will reset the Jitter Correction Counter by clocking pin 6 of
UB41A HI. : ‘

Addréés Decoder

!

Address Decoder U781 monitors the address bus to
determine when various buffers and registers on the Side
board are to be enabled for communication with the Sys-
tem uP. Table 3-8 iliustrates this decodirig.

Tabie 3-8
Side Board Address Decoding

Address (hex) Selects or Enables

6208 LED Register
- 6209 Front-Panel Register

620A Read lowest four bits of both Jitter

counters

6208 No connection

620C Write/Read Holdoff Register

620D Set Holdoff Flip-Flop

620E Read Jitter Correction Counter 1
620F Read Jitter Correction Counter 2




Calibrator

The Calibrator circuit is composed of U731, Uast,
QB31, and associated components. Output frequency is

set by the CALCLK signal from the Time Base Controller .

(diagram 8). The output frequency follows the SEC/DIV
setting from 50 ns/div to 20 ms/div and is set to display
from 2.5 to 10 calibrator cycles across the ten graticule
divisions over those settings. This feature allows quick and
easy verification of the acyuisition time base rates. The
Calibrator circultry is essentially a voltage regulator that is
switched off and on, producing & squarg-wave output sig-
nal at the CALIBRATOR loop.

When the CALCLK (calibrator clock) signal, at the base
of UB31D (applied via R885) is LO, U831C (configured as
a diode) is forward biased. This shunts bias current away
from Q831, keeping it turned off. When Q831 is off, the

front-panel CALIBRATOR output is pulled to ground.

potential, through R831, thereby setting the lower limit of
the CALIBRATOR square-wave signal.

As the CALCLK signal goes from LO to Hi, the base of
UB31D is pulied HI, reverse biasing U831C. Bias current
for Q831 now flows through R834 and R835, turning it on.
The voltage at the emitter of Q831 rises to a level of
+2.4 voits, determined by the voltage regulator composed
of U731, U831A, U831B, (831, and associated
components. This regulated level is divided down to
+400 mV p-p, by the resistive divider formed by R832 on
the side board and R102 on the main board, and applied
to the front-pane! CALIBRATOR loop at an effective out-
put impedance of 50 Q.

CCD OUTPUT

The CCD Output circuits (diagram 14) convert the four
differential output signals from each CCD into single-ended
signals for subsequent A/D conversion. The single-ended
analog voltages are applied to Track-and-Hold circuits
where they are held until the time-multiplexed A/D Con-
verter digitizes the stored samples.

Gain-Cell Amplifiers

There are eight identical Gain-Cell amplifiers {two on
each of four Gain-Cell circuit boards) used to convert the
gight differential CCD array outputs (four for each channel)
to single-ended signals for A/D conversion. Operation of
the Channel 1, Side 1 Gain-Cell amplifier is described.
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CCDO11 signal outputs from U450 pass 1o the
Gain-Cell board (diagram 14A), where they are applied to
the bases of U111A, U111B, U111C and U111D via R113
and R114. Transistors Ui11A-Ui11D, along with current-
source transistors @111 and Q112, form a variable-gain
differential- current amplifier. The differential current at the
collectors of U111B and U111C is equal to the differential
current through U111A and U111D, multiplied by the ratio
of the dec current for the Q112 current source 10 that of
the Q111 current source. Since the Q111 current is set by
the fixed blas on the its base-emitter circuit, the gain
adjustment of the amplifier is controlled by the dc voltage
at the base of Q112, which is controlled by the System uP
via the DAC system. The gain set is dependent on a
calibration constant determined at instrument self-
calibration.

The coliectors of U111C and U111D are connected to
operational amplifier U118A, which is configured as a
differentiakinput,  single-ended  output fransresistance
amplifier. The connection of R115 to the +8.5 V supply
causes the output of U11BA to be level shifted to +8.5 V.
The resulting output at pin 1 of U770A (GC11) is a level-
shifted, amplified, single- ended replica of the differential
CCD array output signal, with most cemmon-mode
interference removed.

Track-and-Hold Amplifiers and Multiplexers

The Track-and-Hold Amplifiers and Multiplexers allow a
single A/D Converter to digitize all the analog samples
from al CCD arrays by time-multiplexing the output
samples to the single converter. The eight Track-and-Hold
circuits are Identical; and, for brevity, only the CH 1—
Side 1 circuitry will be described.

The GCX output from the A30 gain cell board (GC11) is
applied directly to sampling switch U560A, an
snhancement-mode MOS-FET device. The switch gate is
controlled via Q660 by the OSAMT (Output Sample from
Channel 1) logic signal, and is closed when the data being
shifted out of the CCD is stable. When OSAMT is LO, the
switch is on, and hold capacitor C774 charges tO the
signal level of GC11. When OSAMT is HI, the swiich is off,
and C774 holds its voltage level. Figure 3-3 (shown previ-
ously in the *System Glocks® description) shows the timing
of DSAMT and OSAM2Z during the Slow-Out and Short-
Pipe modes of CCD operation. During Fast-In mode,
OSAMT and OSAM2 are both held LO.

The level stored on Hold capacitor C774 is buffered by
operational amplifier U770A. The operaticnal amplifier,
along with Q774, converts the applied input sampie volt-
age to output current.
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“Selection .of the. CH 1—Side ‘1 current signal to-be
digitized by the A/D Converter is controlled by the MS1T
(Muitiplexer Select-Channel 1—Side 1} line. As shown in
Figure 3-3, only one. of the eight. MS signals will be LO' at

any time. A LO MST7 signal applied to the base of Q773 .

will turn. that transistor off. The other transistors of CH 1
{Q873, Q770 and Q870) and all of the CH 2 transistors
(Q783, Q883, Q780 and Q880) are on to shunt their
associated signal currents to ground. Each of the eight
shunting- transistors will be turned off in sequence to allow
its -associated signal current to pass to the CCD DATA
node via a series: ‘common-base transistor (Q775 for
Channel 1—Side 1). The resulting CCD DATA signal is a
time-muitiplexed. combination of all eight GCD output chari-
nels {four from CH 1 and four from CH 2. .

Precise current matching of the signal offsets for the

four. sides..of .Channel. 1.-ls -achieved- by-setting“the"DAC.

generated CT11 (Center 11), CT12, CT13 and CT14
voitages at self-calibration. Similar offset matching for
CH2 is done with the Cr21, CT22, CT23 and
CT24 signals.

Secondary Supplies

The Secondary Supplies cireuit, composed of UBG1A,
U861B, U8B1C, UB61D, and associated components, pro-
vides operating voltages used by the CCD Output circuitry,
The voltage level of the A2D REFR (—05Vv analog-to-digital
reference) Is determined by the current through R861 from
operational amplifier t/861C and is set by the resistive
divider string formed by R763 and R764 from the
+10 VREF supply. The other valtage outputs (+8.5 V and
+10 VRA and +10 VRB are set by the various taps on
the resistive voltage divider and buffered by operational
amplifiers.

A/D CONVERTER AND |
ACQUISITION LATCHES

The A/D Converter and Acquisition  Latches
(diagram 15) circuit consists of eight-bit A/D Converter
U560, eight-bit Min-Max Comparator U740 and U732 (for

ENVELOPE acquisitions), Acquisition Latches ue3at, Ussz,.

U630, and UB40, and latch switching circuitry to direct and
latch the acquired data point values.

A/D Converter

A/D Converter US60 is an 8-bit flash converter that digi-
- tized the analog samples from the CCD arrays at an
overall conversion rate of 4 MHz.
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The A2D REF voltage (—0.5 V) is amplified -and
inverted by U880 to produce the 1.5 V reference voltage
used by the A/D Converter. Noise and ripple are filtered
from the amplified refererice voltage by L770, C570, and
C776. The negative side of the reference is tied to ground;
therefore, input voltage for conversion may range from 0 V
0 +1.5 V. The time-multiplexed CCD Data signal current
develops a voltage across R880 that is offset by the A2D
REF voltage. It is then amplified and inverted by U780 to
produce an input signal to the A/D Converter within the
0V to 415V range needed. The amplified signal is

- applied to the analog input of U560 after being filtered by

L780 and C770.

The input sample is converted on the falling edge of
SHIFT, a 4 MHz clock signal. A valid data byte represent-
ing the analog input voltage appears.on.the output.of.the - -
AJD Converter approximately 20 ns later. That data byte is
applied to the 8-bit Magnitude Comparator formed by
U740 and U732, with the four LSBs going to U740 and
the four MSBs of the byte going to U732. .

Envelope Min-Max Comparator

For . ENVELOPE Mode acquisitions, glitch-catching at
the slow SEC/DIV settings is done by the Envelope Min-
Max Comparator circuit formed by four-bit comparators
U740 and U732, At SEC/DIV settings slower than 50 us,
analog Peak Detectors U440 and U340 provide more
samples than needed to flll the required 50 data points
(25 min-max pairs) per division, so not all are saved.
During each envelope sampling interval (1/50 of the
SEC/DIV setting at 50 us and slower), the Min-Max Com-
parator compares every Peak Detector min/max value
from A/D Converter U560 to the last-latched maximum or
minimum byte to determine which sample will be saved. I
the new byte vajue is greater than the latched byte value,
the MAX output of Comparator U732 (pin 5) will go Hi; it
less than the latched value, MIN at pin 7 will go Hi. ¥f the
A/D output value is equal to the. latched value, both con-
nected outputs of Magnitude Comparator U732 will remain
LO. The final min byte and max byte obtained from each
channe! during an envelope sampling interval ‘are saved to
the -Acquisition Memory as part of the envelope
waveform record. B

Since the input to the A/D Converter is time multiplexed
between CH? maximum, CH2 maximum, CH{ mirirmum,
and CH2 minimum values from the Peak Detectors, the
iatched data applied to the Magnitude Comparator from
the Max/Min Latches must also be time multiplexed to
maintain the correct relationship for making the comparis-
ons (CH1 ‘maximum against CH 1 maximum, CH 1
minimum against CH 1 minimum, ete.). The necessary time
multiplexing is  dédne by the Envelope Latching
Logic circuitry.



Acquisition Latch Switching

NORMAL MODE ACQUISITIONS. In noh-envelope
mode, the LOAD LATCHES signal from the Time Base
Controller remains in its HI state. With LOAD LATCHES H!
at one of the inputs of OR-gates U512A and U512B, the
MIiN and MAX signals from the Envelope Min-Max Com-
parators are ignored, and the outputs from the gates are
held HI. This causes each sample from the A/D Converter
io be clocked directly through the Acquisition Latches.

Output enabling of the four Acquisition Latches is con-
trofied by the MS13+MS11, MS12+MS14,
MS23+MS21, and MS22+MS24 multiplexer select lines,
which are logically ANDed combinations of the lines that
control the multiplexing of the CCD analog samples to A/D
Converter U560. The states of these select lines, only one
of which may be Hl at a time, are fatched into the four
flip-flops of U520 and Us21 by the 20 MHz system clock
{C20M1). The T outpuis of the flip-flops control output
enabling of the four Acquisition Latches. One at a time,
their outputs are enabled to apply the acquired data point
to the output bus for transfer to the Acquisition Memaory
input buffer (U613, diagram B). After one of the Acquisition
{ atches has been enabled for 100 ns, the rising edge of
the CLKLATCH signal clocks the Hi state present on the
D inputs of the flip-flops of U510 and U511 to the Q out-
put of the enabled flip-fiop. That rising edge then clocks
the data byte from the A/D Converter through the enabled
Acquisition Latch to the input buffer of the Acquisition
Memory.

ENVELOPE MODE ACQUISITIONS. In ENVELOPE

MODE, the LOAD LATCHES signal input to US12A and
U512B {from the Time Base Controller, diagram 8) forces
each clock flip-fiop in turn to clock the A/D Converter out-
put data byte into its associated latch by holding their D
.inputs HI during the first four data point conversions in
gach envelope sampling interval. These first four samples
{one byte in each Acquisition Latch) initialize the min/max
data In the latches for comparison to the remaining data
samples that occur in the envelope sampling interval.

The Acquisition Latch Switching circuitry multiplexes
the latched CH 1 and CH 2 maximum and minimurm data
bytes to the inputs of the Envelope Min-Max Comparator
so that each digitized sample from the A/D Converter is
compared to the correct previous sample (CH 1 Min to the
previous CH 1 Min, etc.). (Note—odd sides of the CCDs
are minimums, even sides are maximums.) It also pro-
vides the proper enabling and clocking to direct a new
maximum or minimum data bytes into the correct Acquisi-
tion Latch. . '

As in NORMAL Mode acquisitions, output enabling of
the four latches is controlled by the MS134-MS11,
MS12-+-MS14, MS523+MS21, and MS224+MS24 select
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lines. The Q outputs of the flip-flops control output ena-
bling of the four latches, causing the Acquisition Latch
corresponding with the selected CCD output (CH 1 or
CH 2, maximum or minimum) to apply the previously
latched data byte to the inputs of the Envelope Min-Max
Comparator. A/D Converter output data is thus always
being compared to the proper maximum or minimum
data value.

When the Envelope Min-Max Comparator detects that
the A/D Converter output byte value is either above or
below the latched byte vaiue, the MAX or MIN output of
U732 will go HI respectively. The HI is passed through
U512A (MIN} or U512B (MAX) to the D inputs of flip-flops
U510 and U511. Since the A/D Converter output byte ‘
value could represent any of the four GCD array channels,
the multiplexer select fines that determine what sample is
currently being output from the CCD arrays are applied to
the reset inputs of U510 (A and B) and U511 (A and B).
Only that clocking flip-flop corresponding to the selected
data sample is enabled by a Hi data select line; all others
remain in the RESET state.

When the CLKLATCH (4 MHz)' clock occurs, the
enabled clocking flip-flop transfers the level at its D input

. 1o its Q output, LAXMAX (fatch CH X max). If that leve! is

a Hl (a new max has been found), the current A/D Con-
verter output data byte (the new max)} will be latched into
the associated Max latch (either us32 or U631,
depending on whether it is CH 1 or CH 2 data), where it
then becomes the new comparison level. MIN clocks are
produced by U510B and Us11A in a similar fashion,
latching the new MIN values into either U640 or UG30.

Acquisition Latches

During Envelope Mode, the Acquisition Latches perform
as Min-Max latches {U631 and U632 Max; U630 and
UB40 Min) to hold the maximum and minimum data point
values being compared during the sampling interval. These
values are compared to each newly converted waveform
sample to determine when new maximums or minimums

~ oceur. Output enabling and data latching are controlled by

the Acquisition Latch Switching as previously described.

DISPLAY AND ATTRIBUTES MEMORY

The Display and Attributes Memory (diagram 16) is
where the Waveform Processor stores waveform and
readout data that is to be displayed on the crt. Digital-to-
Analog converters (DAC), under control of the Display
Control circuits, convert this stored data to the vertical-
and horizontal-deflection signal currents that drive the
Display Output ampiifiers.
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Vertical Display RAM

Vertical Display RAM U431 stores the vertical-
deflection data for four 512-point waveforms: Data points
10 be displayed are written from the Save Memory into the
RAM by the Waveform uP(diagram 2) on the WD bus
(waveform data bus) via bus transceiver U322. The stored
waveform display bytes are read sequentially out of the
Vertical Display RAM in blocks under control of the
Display Counter (diagram 17) and applied to Vertical DAC
U142 to produce the analog vertical deflection signal of the
displayed waveform, :

To write data into the Vertical Display RAM, the
Waveform uP puts the data byte to be written onto its WD
bus and sets its WRD (waveform read) bit HI. This HI
enables bus transceiver U322, and the vertical data s

- the~DISP “signar &~ §0dress décoded 1O (from decoder
U570, diagram 2) for addresses between 8K and 12K, and
the WAB address bit applied to U323B selects the Vertical
RAM U431 via U421A, When the Waveform uP generates
its write pulse (WWR), it is transmitted through U422A and
U422D, writing data into the Vartical Display RAM, This
process occurs for each data byte (point) of waveform
information. - o

* applied to I/O (injout) pins of the RAM. At the same time, .

* To display the stored data points, the System uP loads
the starting address of the data block to be displayed into
the Display Counter and selects .the Dispiay Counter to
address the Vertical Display RAM {via the Address Multi-
plexer). The System P also sets the YON (vertical display
on) bit applied to U421A and U421B LO, selecting the
Vertical Display RAM and enabling its outputs. As the
Display Counter increments, the selected block of data is
sequentially clocked out onto the DY bus {vertical-display
data bus) and applied to Vertical DAC U142 to produce
the vertical deflection signal current to the Vertical Output
Amplifiers, : ’

It the Waveform uP needs to read data from the Verti-
cal Disptay RAM, it outputs an-address within 8K to 10K
address space of the RAM. This address block is decoded
by U323B to enable both the Vertical Display RAM (via
U421A) and bus transceiver U322. Since the Waveform uP
. I8 trying to read data, its WRD (waveform processcr read)
line will be set LO. This enables the RAM outputs via
U323C and U421B and causes buffer U322 to direct the
data onto the Waveform uP data bus.

Horizontal Display RAM

Operation of Horizontal Dispiay RAM U440 is identical

. to that of the Vertical Display RAM just described. The
Horizontal RAM chip select (CSX) Is gated through U323D

- for addresses between 10K and 12K when DISP is LO.
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Data that may be stored in the Horizonta! ' Dispiay - RAM
includes two 512-point waveforms and 1K x 8 of readout
information. During a wavefarm display, the data output
from the Harizontal RAM may ba routed to either the Vert-
ical DAC or Harizontal DAC," providing for either two more

YT displays or two XY displays.

Attributes RAM

Attributes RAM U430 contains 4K x 1 points of data
that tell the Z-Axis system {using the BRIGHTZ Signal)
whether or not a data point read from either the Vertical
Display RAM or the Horizontal Display RAM shoutd be
intensified. Operation of the RAM is similar to that just
described for the Vertical and Horizontal RAMs except
that the data path is only one bit wide. o

The Write eriable of the Attribute RAM (WRA) is gated
by U422C betwaen 12K and 14K when DATT is LO from
decoder U570 (diagram 17). WRA going LO enables the
data from bit WD7 of the data bus to be written to the
addressed location. Gate U422A prevents the WWR clock
from being gated to U422C if the Display Counter is
selected {(Waveform »P not in control of the address bus).

To read attribute data out of the RAM, ‘the Waveform
#P sets WRD LO. This LO, along with - the address-
decoded DATT (attribute data) line, enables buffer U423A
and places the addressed output bit from the DO output of
U430 onto bit WD7 of the data bus.

When displaying data from sither {or both) the Vertical
RAM or Horizontal RAM (the addresses applied to all
three RAM chips are the same), the attribute data for each
data point will be applied to the Z-Axis cireuit to determiné
the intensity of each point. A HI bit from the DO output of
U430 will intensify the displayed point,

Horizontal Data Buffers

The Horizontal Data Buffers, U320 and U321, are used
to route the data from the Flotizontal RAM to either the
Horlzontal DAC or the Vertical DAC, depending on the
type of display being produced. '

For normal waveform displays, vertical deflection data
may come from either the Vertical or the Horizontal
Display RAM. To route data from the Horizontal RAM to
the Vertical DAC, the outputs of the Vertical RAM will be
disabled (OEY), the outputs of the Horizontal RAM wil be
enabled (OEX goes LO), and buffer U320 will be enabled
(XTOVERT goes LO). These three signals are all con-
trofled by the System' uP by writing bits XON and XTQ-
VERT Hi into Mode Control Register U541 (diagram 17)

~.
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and writing a LO to the YON output of the register. Now,
data addressed in the Horizontal RAM is applied to the
Vertical DAC to produce vertical waveform deflections.

For XY displays, Mode-Control bits XON, YON, and XY
are set Hl whie XTOVERT is set LO. This applies
addressed data from the Vertical RAM to the Veritical DAC
and applies the addressed data from the Horizontal RAM
to the Horizontal DAC via now-enabled buffer U3z, A
waveform versus waveform (XY) display results.

During readout displays, both U320 and U321 wil be
disabled, along with the Vertical RAM. Since the readout
character-code data is stored in the Horizontal RAM, it will
be enabled. Character-code data from the Horizontal RAM
is output to the Readout State Machine, where it is con-
verted to the appropriate horizontal- and vertical-deflection
codes.

Readout Buffers

Readout buffers U240 and U140 direct the ten least
significant bits (L.SB} frem the Display Counter to the Hor-
izontal DAC and the Vertical DAC during readout displays.
The buffers are enabled by a LO AO signal at their enable
inputs.

Four of these bits, 6-Q9, are applied to the four most
significant bits (MSB) of the Vertical DAC input through
U140A and are used to select one of the 16 available
readout lines for the selected character to be displayed on.

The six LSBs are applied to the six MSBs of the Hor-
izontal DAC and are used to select one of the 64 possible
character positions on the selected readout line. Since a
maximum of only 40 characters will actually be displayed
on any given line, the gain of the Horizontal Output
Amplifier increases when readout is being displayed. The
center 40 character positions then fill the display horizonh-
tally. This action is more fully explained in the Horizontal
Output Amplifier description.

Ramp Buffers

Ramp Buffers U130 and U140 apply the ten L.SBs of
the Display Counter address (via Address Multiplexer
U210, U212, and U221 on diagram 17} to the Horizontal
DAC during YT waveform (non-XY) displays. Since the
Display Counter address is merely incrementing for
waveform displays, a horizental ramp results at the Hor-
izontal DAC outputs. Each sequentially acquired data point
is thus displayed at its corresponding horizontal (time-
dependent) address on the crt. The buffers are enabled by
the TOUNTEN (counter enable) bit from the Mode-Control
Register.
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Volts Cursor Register

Volts Cursor Register U241 is an address-decoded
memory location where the System pP writes the eight
MSBs of the veriical-position data for volts-cursor
displays. Data written into this register, along with two bits
written inte the Misc Register U540, define the vertical
position of the Volts cursor. Since volts-gursor displays
have two cursors, the microprocessor alternately writes
the position data for each cursor into the registers just
before it is displayed. Data is written into the register on
the rising edge of the address-decoded VCURS clock
pulse.

Volts-cursor displays are a special type of "waveform”
display wherein the vertical deflection data from the Verti-
cal Display RAM is disabled (by turning off the RAM chip
select), and the data bits in Volts Cursor Register 241
(and the DYD-DY1 bits from the Misc Register U540,
diagram 17) are applied to Vertical DAC U142 instead.
Cursor display is automatically selected by the Z-Axis logic
when neither WEM nor RO are asserted (not a waveform
display and not a readout display). To start the display,
the System uP asserts the START bit in the Display Con-
trol Register as it would for a waveform display, starting
the Display State Machine. The result is a horizontal line
displayed on the screen at the level set by the data from
the Volts Cursor Register. When displaying cursors on a
waveform, the two LSBs from the Misc Register are set to
0, decreasing the resolution from 1024 levels to 256 levels.

Time Cursor Register

Time Cursor Register U441 provides a function similar
to the Volts Cursor Register. Time-cursor data is written
to the register from the system processor on the rising
edge of the address-decoded TCURS clock {time-cursor
clock). This data is applied to Horizontal DAC U250 (along

" with the DX0-DX1 bits from the Misc Register) to define

the horizontal position of the cursor. A software ramp pre-
viously written into Vertical RAM U431 is applied to Verti-
cal DAC U142 as the Display State Machine runs {started
in the same way as the volts-cursor display).

For “directed-beam’ cursors, such as the "+" made
up of individua! microprocessor-directed points displayed
on screen, both cursor registers are enabled after the Sys-
tem uP writes one dot of XY position data into the regis-
ters. To display the addressed point, the processor sets
the HZON (host z-axis on) bit in the Misc Register LO,
then HI. The processor then calculates the next point of
the “+", writes the position data to the cursor registers,
enables the registers, and sets HZON LO to display that
point. This cycle continues until the entire "4 is drawn.
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Vertical DAC

+ ~Vertical DAC U142 gererates complementary vertical-
deflection currents used to drive the vertical deflection sys-
tem from the digital data applied to its inputs. The data
that ‘appears at the DAC inputs is selected by the
microprocessor via the Modé-Control Register and detey-
mines. what type of display “will be generated. The
exclusive-OR .gate U350A inverts bit DY during “non-
readout” displays to create “bipolar’ data relative to the
. vertical (graticule) center of the crt.

Harizontal DAC

Operation of Horizontal DAC U250 is identical to that of
the Vertical DAC -and produces the horizontal-deflection
signal currents that drive the Horizontal Output Amplifier.

B T R T RPN e

Diagnostic Buffers

 The Diagnostic Buffers, U141 (vertical) and U243 (hor-

izontal), aliow ‘the System uP to monitor the data being
applied to the Vertical DAC and Haorizontal DAC
respectively. By forcing kriown data patterns through the
various data paths and observing the data arriving at the
DAC inputs, the diagnostic routiries can verify functionality
of much -of the display system hardware. The buffers are
enabled during diagnostics via the address-decoded Regis-
ter Selact logic. '

DISPLAY CONTROL

The Display Control System {diagram 17) produces the
crt waveform and readout displays from data stored in. the
Display RAM. The data, originally stored by the Waveform
1P or the System uP, is read out of the RAM and is used
to produce the individual dots that make . up both
waveform and readout displays. The Display System has
two “state machines” for converting the stored data into
the horizontal and vertical deflections that produce the
waveform dots and readout characters.

For YT waveform displays, the Display State Machine
generates 512 linearly spaced points across the face of
the crt (horizontally). Each of these points may be
displayed at any of 256 vertical positions on the crt. For
XY displays, each of the 512 points that make up a
waveform may be placed anywhere on the screen in a 256
X 256 matrix. :

For readout displays, the face of the crt Is vertically
divided into 16 character lines each having 40 horizontal
character positions on the line. Each of these character

* positions corresponds to a specific location in the readout
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memory space {stored in the Horizontal RAM). To display
the readout, the Readout State Machine sequentially
reads through the. readout memory and displays the
required character at the corresponding (memory-mapped)
location: on the crt screen. Each displayed character con-
sists of a sequence of individual dots produced by the
Readout State Machine. '

Each of these display types is controlled and initiated
by the System uP. The acquired waveform data points are
written into the Display RAMs by the Waveform xP and
the readout data is written in by the System uP. Dispiay of
this stored data is controlled by the System xP through
data latched into the several display registers. The data
written -to the registers determines what type of display
should be produced, how iong {number of data points) it
should be, anc-when it should start, -~ . :

Register Select

The Register Select stage, composed of U550 and
U480D (along with the System’ uP address decoding),
address decodes ‘the three LSBs of the System uP
address bus to enable any of eight display “‘registers' for
a read or write. These registers control' stch things as
display mode (how the stored data is displayed, either XY
or YT), which waveforms are displayed, and whether or
not cursors and readout are to be displayed.

The enable inputs for U550 are controlled by the Sys-
tem pP. The DISPSEL (display select} is an address-
decoded signal produced on the Processor board when
any of the display memory addresses are output by the
System uP. Negative OR gate U4500 provides an enable
to U550 whenever ‘the System uP is trying to read or
write. Address bit A3 provides the finat enable when it
is HI. o

Once enabled, the three lowest address bits are used
to select one of the eight outputs from U550. These out
puts, when LO, enable or load one of the eight display
registers, Enabling of these individual registers is explained
in more detalt in the specific register descriptions.

Mode Control Register

Mode Control Register U541 and associated gating cir-
cuits composed of U340, U442, U4238, and u350C, con-
trol the operating modes of the various display state
machines.

Data from the processeor data bus is written into data
tatch U541 when the MODEGON {mode control) bit from
US50 returns HI (after the PWRUP reset goes HI). These



latched bits are used as enables to other portions of the
disptay circuitry and control the overall function of the
display.

NAND gates U340C and U340D do not allow the YON
and XON enables {controlling the vertical and horizontal
RAMs respectively) unless the display counter is running
(PRESTART + DISPLAY is HI). Exclusive-OR gate U350C
and tristate buffer U423B are used to enable harizontal-
deflection bit DX1 only when the time cursor is being
displayed (both RO and COUNTEN are LO}. The remain-
ing bits from the mode-control register are NANDed with
the DIGP (display running) signal and only affect their
associated functions while the Display State Machine is
running.

Buffer U542 provides a way for the System uP to read
back the data written to the Mode Control Register U541.

Display Control Register

The operation of Display Control Register U530 is simi-
lar to that just described for the Mode Control Register,
When enabled (by DISCON), data from the data bus is
written into U530 on the rising edge of the System xP WR
(writ¢) clock. These data bits determine how many data
points are displayed, whether the display is to be read
from memory in envelope mode (ENV), and whether the
intensity of each dot should be bright or dim (DOTS).

The buffer U531 provides a way for the System uP 1o
read back the contents of the Display Control Register.

Miscellaneous Register

Operation of the Misceilaneous Register is identical to
that of the Display Control Register just described. The
output bits control miscellaneous circuit functions, as the
register name implies. The function of each bit is explained
in the description of the associated circuitry.

Buffer U540 aliows the System pP to read back the
contents of the Miscellaneous Register.

Display Clocks

The state machines of the Display System run on
clocks derived from the 5 MHz clock of the Secondary
Clock Generator U710 (diagram 7). The Display Clocks cir-
cuit provides the signal frequency division and gating logic
to properly condition clocks for the Display System cir-
culitry.

Theory of Operation—2440 Service

The 5 MHz clock signat from the Time Base Controller
circuit is buffered and inverted by U413C and is used io
drive the Readout State Machine.

The 5 MHz clock is also applied to the counter made
up of decade counters U410A and U410B, producing
several intermediate clocks at their outputs. The 1 MHz
200 clock, the 500 kHz 2QA clock, and the 250 kHz clock
from U410B are gated together by U411A and produce
the SAMPLE clock, having a LO duty cycle of 12.5%.

Buffer U413A inverts the 250 kHz clock used for the Z-
Axis and Display State Machines.

Gates U411C, U412C, and U412D make up a clock-
steering circuit that selects the source for clocks to the
counters, depending on display mode. When displaying
waveforms, readout, or cursors, the DISPLAY bit applied
to U411C is HI. The RO and RO signals, applied to U412C
and U412D respectively, do clock selection depending on
whether readout or waveform data is to be displayed.

For waveform displays, RO applied to U412C is LO,
holding its output to U411C HI. This HI, along with the HI
DISPLAY bit, enables U411C, and the output of U411C
follows the 250 kHz signal applied to U412D (since RO is
HI). For readout displays, RO and RO are HI and LO
respectively. This holds the output of U412D HI, and the
output of U411C follows the CLKRAM (clock RAM) signat
from the Readout State Machine. To completely disable
the Counter clocks, the Display State Machine sets the
DISPLAY bit applied to U411C LO.

Display Counter

The Display Counter stage, made up of U211, U220,
and U222, generates the sequential addressing that the
Display and Readout State Machines use to read the
stored waveform and character data out of the display
RAM. Depending on the type of information to be read
from RAM (waveform or readout), clocks to the counter
are selected by logic to produce waveform and readout
displays at the proper refresh rates.

To display stored data, the System P writes the eight
MSBs of the 12-bit starting RAM address into U211 and
U220 over the data bus by generating a LO LDCOUNT
from the Register Select stage. The 4 LSBs of the address
(all LO) are also loaded at the same time into U222. The
courter then starts counting at the selected rate. When
the count in U222 reaches 15, its RCO (ripple-carry out-
put} goes LO for the last half of the clock cycle and

3-67



Theory of Operation—2440 Service

endbles U220. Due to & two-gate propagation delay
through U222 t6 the RCO output, U220 will stil be
enabled on the rising edge of the next clock. This clocks
U220, which is then disabled until U222 counts another 16
clocks. Counting continues, and eventually the RCO out-
put of U220 enables U211, causing it to increment in a

similar fashion.:Counting conitinues until the Display State

Machine -determines that the desired display is complete,
at which time it shuts off clocks to the counter. :

The outputs of the counters change synchronously and
are applied to the Multiplexer stage, which selects
betweenthese counter outputs and the microprocessor
address bus for Display RAM addresses. The MAX output
from U222 (occurring on count 15} is used in the Readout
State Machine.

B s

Address Multiplexer -

The Address. Multiplexer stage; under control of the
Display State Machine, selects the address source for the
various display RAMSs- from either the -Waveform uP
address bus or the Display Counter.

When the Waveform uP is writing acquired data into
the display RAMs (Horizontal or Vertical), the Display
State Machine selects the Waveform u#P address bus
(WAQ-WAB) as the source for RAM addresses by setting
the COUNTSEL (counter select) line LO. When displaying
the stored data, COUNTSEL is HI, and the outputs from
the Display Counter are routed to the various RAM
address lines.

Exclusive-OR gate U350B is used to invert counter bit
DGO when displaying envelope data (ENV is Hi). This
causes data pairs (max-min) to be read out in reverse
(relative to how they were stored) and produces an
envelope display that always starts with a MIN point.

Dispiay State Machine

The Display State Machine determines when disp.lay of
stored data should start and stop, depending on other.

conditions in the Display System.

. To start a display, the System uxP writes a HI for the
START bit into Display Control Register 'U530. This HI is
applied to the D input of flip-flop U415A and clocked to its
Q output on the falling edge of the 250 kHz clock (rising
edge of the 250kHz clock), This latched STARTDIS bit
(H1) is then applied to the D input of U414A and to pin 8 of
U313. Since the Display Counter has not reached its final
value (this is the starting peint), the output level of the

3-68

SR e EARMER R s e, R e

three lower- AND gates within U313 are LO, thereby ena-
bling the output AND gate (it has inverting inputs), With
the previous display cycle finished (as it is for this discus-
sion), the DISDN (display done) bit applied to pin 10 of
U313 is also HI. The 250 kHz clock appiied to this enabled
AND gate ‘causes the output of U313 to go HI on the fal-
ling edge t6 clock the HI STARTDIS bit to the Q output of
U414A. This latched signal is the DISPLAY bit that
enables the Display Counter clocks (via U411y, -

The DISPLAY bit is delayed slightly by the propagation
delays of the START bit through the fiip-fiops and gates.
Therefore, the PRESTART bit is written HI to cause the
output of U323A to be HI until the DISPLAY bit is latched
into flip-fiop U414A. The HI PRESTART - DISPLAY bit
from U323A selects the counter ocutputs to address the

.Display RAMSs (via the Address. Muitiplexer.- stage). -After

the DISPLAY bit is latched: into U414A, the System uP
sets the START and PRESTART bits from the Display
Control Register LO, The LO START bit is clocked to the
Q output of U415A, disabling the 250 kHz clocks through
U313 to U414A, and the LO PRESTART bit allows the
DISPLAY signal to control OR-gate U323A.

With the DISPLAY bit fo U411C set HI, clocks from

gither U412C or U412D clock the Display Counter. Which

one does the clocking depends on whether the data to be
displayed is readout or waveform information. If readout
information is being displayed, the RO bit (from the Mode
Control Register) applied to U412D will be LO, disabling
the 250 kHz clock {output of U412D is held HD). At the
same time, R/O applied to U412C is Hi, enabling the
CLKRAM (clock RAM) signal from the Readout State
Machine to clock the address. counters.

If waveform data is to be displayed, RO from the Mode .

Contro! Register is Hl and RO is LO. The LO RO level
applied to U412C closes the CLKRAM path {output of
U412C is held HI) while the HI RO level applied to U4120
opens the 250 kHz clock path through U412D and U411C.

The two display-control bits, STOP512 and STOP1024,
applied to U313 determine how many data bytes are read
from the selected disptay RAM (Horizontal, Vertical, and
Attribute) before stopping the current display cycle. Cnly
onhe of these two bits is HI at any time. The outputs of the
unselected AND gates within U313 are LO, and along with
the LO caused by the LO STARTDIS bit, enable the out-
put gate of U313. The selected AND gate watches its
appropriate counter bit and, on the falling edge of the bit,
causes a clock at the output of U313. This clocks the now

. LO STARTDIS bit to the Q output of U414A, disabling

U411C (and thus clocki_ tc the Display Counter), and
resets the DISDN at the @ output HI in preparation for the
next display cycle.
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The DISDN signal is alsc sent to the System uP inter-
rupt Logic to tell it when the currently assigned display
task is complete. When the processor detects the HI
DISDN, it writes data out to the display register to start
the next display cycie. The System uP, knowing how much
waveform and readout data needs to be displayed, does
the writing at a rate that keeps the overall display-refresh
rate constant.

Displaying a single waveform requires 512 data points
be read from RAM, so STOP512 is set Hi. A two-
waveform display or a single-waveform envelope display
will require STOP1024 to be HI. Readout displays may
also consist of up to 16 lines of readout, in which case
STOP1024 would be set. This is further explained in the
Readout State Machine description.

The STOPDIS bit applied to the reset inpufs of U414A
and U415A provides the System pP with a way to stop
any display in process.

Z-Axis Logic

The Z-Axis Logic determines when to turn the display
beam on or off for each of the various display modes.
These displays are readout, waveform, cursor-normal,
cursor-dashed, and diagnostic (host-forced) Z-Axis on.

To enable readout or waveform displays, the Display
State Machine sets its DISPLAY output HI. This enables
U415B, U414B, and U312C.

During readout displays, the RZON (readout Z-Axis on)
signal from the Readout State Maching is LO for each
point that should be turmed on and Hl when the display
should be blanked. The level of this signal is sampled by
U415B at a 5 MHz rate. The Q output of U415B controls
the Z-Axis through U450B and U223C, and since it is syn-
chronized to the 5 MHz clock used to clock the Readout
State Machine, the intensity of each dot is not the same.

For waveform displays, the DOTS bit from Display Con-
trol Register U530 will be set HI by the System uP. This
Hi, along with the HI DISPLAY signal from the Display
State Machine, enables U312C. As long as a waveform
display is taking place, the 250 kHz clock turns the display
dots on and off with a 50% duty cycle via U312C and
U223C. When the Display State Machine determines that
the waveform display is over, it sets its DISPLAY bit LO,
disabling U312C. For nonwaveform displays, the DOTS bit
is LO, also disabling U312C.

Theory of Operation—2440 Service

For cursor displays, the HI DISPLAY signal enables D
flip-flop U4148, and the 250 kHz clock begins clocking the
data from the output of U312B to the Q output of U414B.
Since a cursor display is neither a waveform nor a readout
display, the DOTS signal applied to inverter U413D is LO
while the RO signal applied to NAND-gate u3ize is HI.
This enables U312B, and the output of U412A then con-
trols the D input signal to flip-fliop U414B. That signal is
clocked to the O output and applied to U223C to control
the Z-Axis signal ZON.

When displaying the inactive cursor {the one not
selected for control by the cursor pot), the ACTIVELC
(active line cursor) bit from the Misc Register to pin 2 of
U412A is set LO. This causes the output of U412A to be
HI, and the Z-Axis remains on as long as that particular
cursor is being displayed.

When the other (active} cursor is to be displayed, the
System pP sets the ACTIVELC bit HI. The output of
U412A is then dependent on the DC3 signal from the
Display Counter. The DC3 signal has a 50% duty cycle
and changes states every eight characters (for cursors,
the character is a single dot), so the resultant cursor
display appears as a dashed line.

The AZON (host Z-Axis on) bit applied to U450B from
the Misc Register (U540} allows the Systern uP {0 turn the
Z-Axis on during diagnostics and allows verification of Z-
Axis functionality. When set LO, HZON produces a LO at
the output of U450B output, and thus at the ZON (Z-Axis
on) output of U223C. This keeps the Z-Axis turned on until
the HZON bit is reset HI by the processor.,

Readout State Machine

The Readout State Machine produces the alphanumeric
readout on the crt from character-code data stored in the
Horizontal RAM. For readout displays, the face of the crt
is vertically divided into 16 character lines each having 40
horizontal character positions on the line. Each of these '
character positions corresponds to a specific location in
the readout memory space (stored in the Horizontal RAM).
To display the readout, the Readout State Machine
sequentially reads through the readout memory and
displays the required character at the corresponding
(memory-mapped) location on the crt screen. Each
displayed character consists of a sequence of individual
dots produced by the Readout State Machine.

Since the position of the character on the screen is
related directly to the RAM location, the LSBs of the
Display Counter are used to position the character on the
crt screen. The six LSBs of the counter are applied to the
Horizontal DAC and select 1-of-B4 character locations on
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a line (only the center 40 are displayed} afd the next four
LSBs are applied to-the Vertical DAC to select 1-0f-16
display-lines. S .

~Once this rough positioning is done, the Readout State
Magctiine displays a'sequence of dots that make up the
addressed character, each dot being positioned relative to

the rough display position.

Character codes, sequentially read from the Horizontal
RAM, are applied to seven address lines of a character
ROM {U420). These select the block of dot-position data
within the ROM corresponding to that character code. Five
more address bits are generated by an incrementing Dot
Counter (U416B and U416A) and sequentially clock the XY
dot-position data frém the selected AOM biock. The hor-
izontal and vertical dot-position data is applied to the Hor-
Jzontal .and . Vertical. DACs. and -is .used- to- deflect- the crt
bearn relative to the selected or-screen character position.

-+ The operation of the Readout State: Machine is ROM
‘based; it proceeds through a sequence of states based on
data loaded from & ROM. :

initially, when power is first applied, both the PWRUP
(power up) and DISPLAY signals applied to U450A are LO.
These states cause a LO at the reset input of presettable
counter -U231 that resets its output count to zero. The
reset state will remaifi until the instrument power comes
up (PWRUP goes HI) and the system processor deter-
mines that. a display should be produced (it starts. the
Display State Machine and DISPLAY goes HI).

With the reset removed, presettable counter U231 is
enabled to either count (up) or do a parallel load from the
four MSBs output from the addressed location within
U232 on the next rising edge of the 5 MHz clock. The

. COUNT/LOAD select tine - from the data selector U230
determines whether counting or loading will occur.

The LOAD/DECIDE bit output from the addressed ROM
location within U232 is applied to the enable input of U230
and determines whether the COUNT/LOAD line is forced
LO (U230 disabled by LOAD/DECIDE being HI} or whether
one of the decision inputs is selected (via select inputs A,
B and C of U230). When the LOAD/DECIDE bit from U232
is LO, it indicates that the state machine is at a decision
point as to whether counter U231 should count or load
(instead of just automatically loading the next state}. The
condition tested to make this decision is selected by the
select inputs to U230 and are as follows: o

DO—R/O (readout) goes HI when a readout display
should start,
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D2—AND gate U233A watches for the 12th character
address (11). . :

D3—EOCH (end of character) goes LO on the last
“character dot and causes the next state to be loaded. _

D4—EOL (end of line—X8 bit U440, diagram 16) goes
HI when readout line is over.

D5—AND gate U223B watchés for the B4th character
address (63) to indicate that the next character is the
beginning of a new line. v

ROM U330, addressed in ‘parallel with U232, outputs
three bits unique to the state selected-and is used to clock
the dot counter (U416B and U416A), clock the Display

‘Counter, and to turn on the 'Z-AXis Tor readout dots.

The flow chart in Figure 3-8 illustrates ‘operation of the
Readout State Machine,

As the stéte machine runs, the counter outputs of U231
(the “current-state™) are first reset to state “0." The data
output from the 04-07 (outputs 4-7) lines of U232 contain

‘the “next-state data, 01-03 {outputs 1-3) hold the select

data for the data selector U230, and output O0 (output 0)
fs the LOAD/DECIDE bit. In addition, the outputs from
U330, used to turn on the Z-Axis if ‘appropriate (RZON),
increment the character ROM dot counter U416B-U416A
(CKDOTCTQC), and ciock the Display Counter (CLKRAM)
to address the next character, are now at their state 1)
condition (all Hi). :

The COUNT/LOAD signal from U232 determines what
action counter U231 takes when the next 3 MHz cloeck
oceurs. If LO, the data from outputs 04-07 of U232 is
loaded to the counter outputs; if HI, the counter
increments, '

The LOAD/DECIDE line, along with the three channel-
select inputs to U230, gives the state machine the ability
to determine_when certain events have occurred. When
the LOAD/DECIDE bit from ROM U232 is HI, Indicating
that no decisions need be made in the present state, data

- selector U230 is disabled and the COUNT/LOAD output 1o

U231 are forced LO. On the next 5 MHAz clock, the "next
state” data from-U232 (outputs 04-07) is merely loaded
into counter U231. ‘ '

If the "present-state” data output from U232 has the
LOAD/DECIDE bit set- LO, indicating that some circuit con-
dition needs to be tested to determine what to do next,
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Figure 3-8. Readout State Machine fiow chart.
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data selector U230 Is enabled. The three data bits {O1
through 03) from U232 define which condition needs to be
tested and selects one of the D inputs of U230 to route to
U231 via the COUNT/LOAD line. Whether or not the con-
dition being tested for is present at the selected D input
determines whether counter U23% counts or loads.

To go from state 0" to state *1," data from U232 is
loaded into U231, :

The state 1 data from U232 has the LOAD/DECIDE sig-
nal set LO, and the next three bits select input DO of U230
to watch. This is the R/O (readout) line, and it is set HI by
the System wP when it wants to start a readout display. If

R/O is LO (don't start yet), COUNT/LOAD is also LO and )

the “next-state” data from U232 is loaded . into counter

- U231, For.state .1, the next-state-data -is-also” 1, 'so ‘thHg

state machine just cycles in state 1 until R/O goes H!.

When R/O goes HI, the COUNT/LOAD iine follows and
the next 5 MHz clock increments the counter to state “2.”
State 2 has the LOAD/DECIDE bit set Hi, so the next
clock merely loads the next-state data {which happens to
be 3) into U231.

State “3" clocks the display RAM (using CLKRAM
from U330), enabies U230, and selects its D2 fnput. AND
gate U223A, producing the D2 input level, monitors the
Display Counter address iines, looking for address 11.
Address 11 corresponds to ‘the twelfth- character
{remember character 0) and the first character displayed
on the crt. (See Display Output description for further
explanation.) If address 11 has not been encountered yet,
the next-state data from U232 will be loaded into U23a1.

This next-state data is 2. Returning to state 2 resets’

the CLKRAM bit from U330 HI so the next state 3 will
clock the Display Counter again. This loop between states
2 and 3 continues to clock the Display Counter until
U223A détects address 11.. When this  occurs,
COUNT/LOAD goes Hi'and the next 5 MHz clock incre-
ments the state to “'4." :

State 4" resets CLKRAM HI and disables U230, The
next clock loads state "'5,”" a 200 ns delay, into U231, The
next clock loads state “6."”

State "'6" data from U232 enables U230 and selects its
D3 input. This is the EOCH (end of character) bit from the
character ROM U420 and will onfy be LO for the last dot
of any given character. As long as EOCH is HI (not the
- last dot), U231 will increment to state ‘7" on the next
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clock. State 7 disables U230, terminating the test
condition,

State "8 is loaded from state 7 and turns on the - Z-
Axis via RZON (readout Z-Axis on) from U330, States "9
and "A" (hex) are sequentially loaded from the previous
state and also have RZON asserted. These three cycles in
sequence turn the Z-Axis on for 600 ns for each readout
dot to be displayed.

State "B" is Joaded from state “A” and does two
things. It turns RZON off (HI) and sets CKDOTCTT (clock
dot counter) LO, incrementing the dot counter made up of
U416B and U416A. This addresses the next byte of XY
deflection data within 420 in preparation for the next dot
display cycle. . :

The next 5 MHz clock loads state 5 from state B and
resets the CKDOTCTC from U330 HI. State & is next
ioaded from state 5 and is once again checking for EOCH
(described earlier).

If EOCH is set LO this time (signaling the last dot},
counter” U231 will be lodded to state *'D” (instead of
clocked to state 7 as described earlier). State D clocks the
Dispiay Counter via CLKRAM, -enables U230 and selects
its D4 input. This input monitors the EOL signal (X9 bit)
from the Horizontal RAM which will be set H! when the
last character of a given line of readout information has
been displayed. When EOL (end of line} is detected, U231
increments to state “E.” I it is not detected, state 4 will
be reloaded from state D data and the next character will
be displayed as described before.

State “E" resets the CLKRAM signal from U330 and

disableés U230. The next 5 MHz clock loads state “F"* from
state E data.

State “F" data clocks the Display Counter via
CLKRAM, enables U230 and selects its D5 input. AND
gate U223B watches for Dispiay Counter address 63; ie.,
the B4th character, If the 64th character is not detected,
state E Is loaded from the state F data, resetting CLKRAM
HI in preparation for the next state F and the assaciated
CLKRAM puise. The looping between states E and F con-
tinues to increment the Display Counter unti U223B
detects address 63 (the 64th character).

The 64th character is significant in that the next char-
acter is the start of the next line. When address 63 is
detected, U231 is clocked from state F to state 0. The
routine is now back to where it started, and the next line
may be displayed in a similar manner.



DISPLAY OUTPUT

The Display Output circuits (diagram 18) convert the
current outputs from the Horizontal and Vertical digital-to-
analog converters (DACs) to the voltage levels used to
drive the ort deflection plates. The Display Output circuit
inciudes a vector-generation function that allows the indivi-
dual dots of a waveform display to be translaied into
smooth lines connecting the waveform points (vectors ony.
A Display Mode switching circuit under controt of the Sys-
tem pP selects which type of signal is applied to the out-
put amplifiers for the varicus display types {envelope, dots,
vectors, or readout).

Vertical and Horizontal Input Buffers

Operation of the Vertical and Horizontal Input Buffers is
identical; so for brevity, only the Vertical Input Buffer cir-
cuit operation is described.

The Vertical Input Buffer, JFET operational amplifier
U170 and its associated components, transiates the com-
plementary output currents from the Vertical DAC (U142,
diagram 16) to an output voltage. Complementary, in this
" case, means that the sum of the currents is a fixed value;
if ohe current increases, the other decreases by the same
amount.
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Current from the Verticak DAC output connected to
pin 3 of U170 develops a voltage across R163. This voli-
age causes the output of U170 to move in the same direc-
fion until the feedback current through R164 applies an
equal voltage to pin 2 of U170. The output voltage of the
Input Buffer at pin 6 is the (signed) sum of voltages across
R163 (+) and R164 (—). The gain of the stage is 1V per
mA (differential).

Vertical and Horizontal Vector Generators

Operation of the Vertical and Horizontal Vector Genera-
tors is similar. For brevity, only the Vertical Vector Genera-
tor is described in detail, and the differences in the two
Vector Generators pointed out. Each Vector Generator
consists of a High-Current Difference Amplifier, a Sample-
and-Hold circuit, and an Integrator circuit that transforms
the step voltages outout from the Sample-and-Hold circuit
to smooth transitions (vectors). See Figure 3-2 for a
simplified diagram.

The step transitions from Vertical Input Buffer U170 are
applied to the High-Current Difference Amplifier, made up
of U281, Q182, Q181, and associated components,
through R172. Initially (before the first integration occurs),
input pin 3 of U281 is referenced to ground through R161;
deviation from this ground reference seen at the other
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Figure 3-9. Vertical Vector Generator.
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input (pin-2) causes the output (pir-6) of U281 to move in
the opposite direction, This voltage change s applied to
the base of Q181 (via R145) and to the base of Q182 {via
series diodes CR193 and CR194 from .R145). Thess
transistors are biased.in their linear region and -act as
emitter followers for the signals at their bases. Two series
diodes betweer the bases of the transistors separate the
base voltages by 1.2 voits, so the emitters of both transis-
tors are at about the same potential. Negative feedback
from the ampiifier output (junction of R194-R1 96) is via
R280. The. resistance ratio. of R280 to R172 sets the voit-
age gain of the amplifier at —1. Capacitor C281, from the
output of U281 back to the input at R172, provides a fast
feedback path to smooth transition spikes.

Sample Switch U2708B, Hold Capacitor C260, and Volt-

age Follower U280 form a_sample-and-hold. circuit.. The. .

OUtEUt of the High-Current Difference Amplifier at the junc-
tion of R184 and R196 is allowed enough time to settls to
its new level before the 250 kHz SAMPLE pulse goes LO.
At that time, the output of the Difference Amplifier is
applied to the input of Voltage Follower U280A, and C260
is charged rapidly to that output voltage level. The
SAMPLE pulse returns HI, and the BX output of the data
selector. goes to its high-impedance state to start the hofd
time.. Voltage Follower U280 has high-impedance FET
inputs; therefore, Hold Capacitor G260 discharges very lit-
tle during the hoid time.

The output of Voltage Follower U280 is held at the volt-
age level across C260; that level causes some value of
current to flow through the series combination of RB620
and R162 to the input of Integrator U282 {pin 2, the invert-
ing input). The output of Integrator U282 at pin 6 ramps
linearly for the duration of the hold cycle. (Actually, it
ramps for almost the whole cycle, since the charge on
Hold Capacitor G260 reaches the final level slightly before
the sample switch is opened to start the hoid time.} The
time constants of the integrating network composed of
R162 and of the series combination of RE01 and C180 in
paraliel with R803 and C470 are such that the cutput of
Integrator U282 reaches the new point position just as the
next SAMPLE gate to U270B oceurs. (A step change of
1 volt at the input causes a ramp of —1/4 V per us {or —1
volt over the 4 us cycle hold time.)

The feedback of this *new” point position to U281
through R160 modifies the reference at pin 3 of Difference
Amplifier U281 (new reference is one-half the output volt-
age at U282 pin 8). The next voltage from Input Buffer
U170 is applied to the input {pin 2 of U281} of the
Difference Amplifier which now amplifies the difference
betwesn the present point position on screen (represented
- by the voltage at pin 3 of U2814) and the new position
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{applied to pin 2 of U281A). This difference voltage is sam-
pled and stored on Hold Capacitor C260 where it sets a
new current level through R162 and R620 from the outpurt
of Voltage Follower U280 to the input  {pin 2). of
Integrator U282A. - .

This cycle just described of comparing the old position _
to the new one, sampiing the. difference, and ramping to
the new position continues for- each point of a vector
waveform display. :

The adjustment associated with Voltage Follower U280
is INT ADJ potentiometer R620. This pot (the integrator
adjustment) is used to compensate for charge current
introduced from analog switch U270B. A corresponding
adjustment is not present in fh'?_..ﬂ.0[[:'2.9[115_".[_._,\1%9?9L._Q@n_e_r_a.-.
torcirclit: “A"VECTOR "COMP adjustment is present - in
both the Vertical and Horizontal “Integrator circuits.  The
pots (R276 vertical and R376 horizontal) are wused ‘to
adjust for minimum vertical and harizontal offset between

the vector and dot displays.

Mode Select

The Mode Select Switch consists of data selector
UZ80A (horizonta)) and U290B (vertical). The switches
route the various X-Axis and Y-Axis signal sources to the
Horizontal and Vertical Output Amplifiers. The select Sig-
nals to U290 coming from Miscellanecus Display Register
U540 (diagram 17) aliow the System pP to switch to the
various display modes (Envelope, vectors, dots, and
readout). The System uP does this by writing controi bits
to the 1Q and 2Q output of Display Register U540 (AMP1
and AMPO respectively) which are applied to select input
SELg (pin 9) of U290B and to SEL, (pin 10) of U250A.

An envelope waveform display is produced by selecting
the X0 and YO inputs of U290 to be switched 10 the Out-
put Amplifiers. The signa! applied to the Horizontal ‘Output
Amplifier for YT displays is the incrernenting count from
the Display Counter, and it moves the electron beam hor-
izontally across the face of the crt. In the Vertical circuitry,
& sample-and-hold ¢ircuit formed by Data Selector U270A
and Hold Capacitor ¢912 bypasses the Vertical Vector
Generator circuitry. The 250 kHz signal driving the data
selector, derived from the same Clock Divider circuit that
Supplies the SAMPLE signal (U410A and B, diagram 17),
Is delayed slightly by the rc combination of R607 and
C900. The delay allows the analog signal at the output of
the Vertical DAC to settie before the sample from Input
Buffer Amplifier U170 is taken. The voltage on C912 is
applied to the re integrator made up of R165 and C166 to
produce a min-max envelope with shaded vectors between
the successive dots,



To produce a vector display of a waveform, the System
P selects the X1 and Y1 inputs of U290. This routes the
outputs from the Vector Generators (previously described)
1o the Horizontal and Vertical Output Amplifiers.

For non-vector waveform displays, the X2 and Y2
inputs are routed to the outputs of U290. These signal
lines, V DOTS and H DOTS, come directly from the output
of the Vertical and Horizontal input Buffers (U170 and
U370B), bypassing the Vector Generators. Since the data
applied to the Horizontal DAC in YT mode is from the
incrementing Display  Counter, the Y-Axis vertical
deflections are displayed versus a linear X-Axis ramp (hor-
izontal time axis). If XY mode is in effect, the data applied
to the Horizontal DAC is the digitized waveform data used
to provide the X-Axis deflection signal. In either YT mode
with vectors off or XY rmode, a dot waveform display is
seen on the crt.

To display readout, the H READOUT and V READOUT
signals at the Y3 and X3 inputs are switched to the out-
puts of U280. The resistive divider formed by R171 and
R282 slightly decreases the amplitude of the signat from
the Vertical DAC to ensure that all the Readout vertical
data points are limited fo eight vertical graticule divisions
and will appear on screen. Operational amplifier U392B
and its associated resistors perform the opposite function
on the H READOUT signal from the Horizontal DAC,
increasing the gain of that signal. This horizontal expan-
sion causes the center 40 characters of a displayed
readout line (out of a possible 64) to horizontally fill the
screen. {See the Readout State Machine description for
further details.)

Horizontal and Vertical Output Amplifiers

Operation and circuitry of the Horizontal and Vertical
Output Amplifiers is nearly identical. Therefore, only the
Horizontal Output Amplifier circuit operation is described.

The selected horizontal signal from U280A is applied to
operaticnal amplifier U392A configured with a variable gain
set by R586. (The corresponding buffer in the Vertical Out-
put Amplifier bas a slightly different variable gain range.}
Operational ampilifier U392D is an inverting amplifier hav-
ing a gain of about two. Harizontal offset is adjusted
with R587.

The output of U392D drives the negative horizontal-
deflection plate (H—) of the crt and operational amplifier
U392C. Operational amplifier U392C is configured as an
inverting buffer with unity gain, and its output drives the
positive horizental-defiection plate (H+).
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Spot-Wobble Correction

The Spot-Wobble Correction circuit provides a dynhamic
correction of spot-shift on the crt caused by signal inten-
sity changes (crt electron-beam current changes). Correc-
tion is accomplished by injecting offsetting currents that
vary linearly with beam-current changes into the Vertical
and Horizontal Output Amplifiers.

The beam-current contro! voltage is inverted by U460A
and applied to one end of R583 and R584 while the other
end of both potentiometers is connected to the nonin-
verted control signal. Each potentiometer is adjusted over
this “differential” range to minimize the associated spot
wobble while viewing a special calibration display provided
with the Extended Calibration function.

HIGH-VOLTAGE
SUPPLY AND CRT

The High-Voltage Power Supply and CRT gircuit
(diagram 19) provides the voltage levels and control cir-
cuitry for operation of the cathode-ray tube (crt). The
circuitry consists of the High-Voltage Oscillator, the High-
Voltage Regulator, the +61 V Supply, the Cathode Sup-
ply, the Anode Multiplier, the DC Restorer, Focus and
Z-Axis Amplifiers, the Auto Focus Buffer, the CRT, and
the various CRT Control circuits.

High-Voltage Oscillator

The High-Voltage Oscillator transforms power obtained
from the —15 V unregulated supply into the various ac
levels necessary for the operation of the crt circuitry. The
circuit consists primarily of transformer T525 and switch-
ing transistor Q628 connected in a power oscillator
configuration. Sinusoidal low-voltage oscillations set up in
the primary winding of T525 are raised by transformer
action to high-voltage levels in the secondary windings.
These ac secondary voltages are applied to the +61 v
Supply, the DC Restorer, the Cathode Supply, and the
Anode Multiplier circuits that provide the necessary crt
operating potentials.

Osciilation oceurs due to the positive feedback from the
primary winding (pin 4 to pin 5) to the smaller base-drive
winding (pin 3 to pin 6} used to provide base drive to
switching transistor Q628. The frequency of oscillation is
approximately 50 kHz and is determined primarily by the
parallel resonance frequency of the transformer.

OSCILLATION START UP. Initially, when power is
applied, the High-Voltage Regulator circuit detecis that the
crt cathode voltage is too. positive and pulls pin 3 of
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transformer T525 negative. The negative level is appiied to
the base of switching transistor Q628 through the
transformer winding and forward biases it. Charge begins
to flow in the primary winding through the transistor col-
lector circuit and produces ‘a’ magnetic fisld around the

transformer primary winding. The increasing magneti¢ fieid
iniduces an in-phase voitage in the base-drive winding that
further supports the base-ermiitier voltage bias of the
transistor. This in-phase feedback causes Q628 to remain
on and continue supplying energy to the parallel resonant
circuit ‘formed by the winding inductance and interwinding
capacitance of the transfcrmer. As the primary voltage
peaks, then begins falling, the induced magnetic field
begins to decay. This decreases the base-drive voltage
through “the base-connected 'winding and begins to turn
Q628 off. . : '

mary winding continues to collapse, and a voltage of oppo-
site polarity is induced in the base-drive winding. This
turns the switching transistor completely .off. Once again,
as the magnetic field builds and then reverses, the voitage
friduced in"the base-drive winding changes direction, for-
ward bidsing Q628. At that point, the primary winding
current  starts increasing again, and the switching
transistor is' again turned on hard by the feedback supplied
to. the base-drive winding. This' sequénce ‘of events ‘ocours
repetitively as the circuit continues to oscillate.

The oscillating magnetic field couples power from the
primary winding into the secondary windings of the
transformer. The amplitudes of the voltages induced in the
secondary windings are a_function of the turns ratios of
the transformer windings.

High-Voltage Regulator

The High-Voltage Regulator consists of U16BA and
associated components. It monitors the crt Cathode Sup-
ply voltage and varies the bias point of the switching
transistor in the High-Voltage Oscillator * to ' hold the
Cathode Supply voltage at the nominal level. Since the
output voltages at the other secondary winding taps are
refated by turns ratios to the Cathode Supply voltage, all
voltages are held in regulation.

When the Cathode Supply voltage is at the propert level
{—1900 V), the current through R263 and the 19 M@ resis-
tor internal to High-Voltage Module CR565 holds the
voltage developed across C260 at zero volts. This is the
balanced condition and sets the output of integrator
U16BA at a level providing correct base drive for Q628 to
- hold the secondary voltages at their proper levels.
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delivering  more energy .per cycle to  the

As Q628 turns off, the magnetic. field. around the .pri- - .

If the Cathade Supply voltage level tends too positive, a
slightly positive . voltage will- develop- across C260. This
voltage causes. the output of integrator U168A to move
negative. The negative shift charges capacitor C717 to a
different level around which the induced feedback voltage
at the base-drive winding wil swing. The added negative
bias. causes Q628 to turn on earlier in the oscillation cycle,
resonant
transformer. ‘The increased energy in .the. resonant circuit
increases. the secondary voltages until the Cathode Supply
voltage returns to. the balanced -condition {Zero vaits

across G260). Opposite action gecurs should the Cathode

Supply voltage tend too negative.

+61VoltSipply
The +61 Vot Supply circuit provides power to several
other. circuits on the High-Voltage ‘board. Diode CR41 1

" provides haif-wave rectification of the first-tap voltage from

the secondary of T525 and stores that charge on C317.
Transistor Q215, zener diode VR210 and the associated
components form a buffered zener regulator. Diode CR315
protects the base-emitter junction 'of Q215 should a failure
reverse-bias the junction. Capacitor C218 stores a rela.
tively ‘large charge at the regulated level and supplies
operating current to the load during current surges.

Cathode Supply

The Cathode Supply cireuit is composed of a voltage-
doubler and an rc filter network contained within High-
Voitage Module CR565. This supply produces the
—1900 V accelerating potential to the CRT cathode and
the —900 V slot lens voltage. The —1900V supply is
monitored by the High-Voltage Regulator to maintain the
regulation of all voltages from the High-Volage Osciliator.

The alternéting voltage from pin 10 of transformer T525

{850 V peak) is applied to a conventional voltage-doubler
circuit at pin 7 of the High Voltage Module. On the pasitive
half cycle, the input Capacitor of the voltage doubler
(0.008 uF) is charged to —9850 V through the forward-
biased diode connected to ground at pin @ of the module.
The following negative half cycle adds-its ac component
(—950 V peak) to this stored dc value and produces a
total peak voltage of —1900 V across the capacitor, This
charges the 0.006 uF storage capacitor (connected across
the two doubler diedes) through the second diode (now the
forward-biased diode) to —1900 V. Two re filters follow
the voltage doubler to smooth out the ac ripple. A resistive
voltage divider across the output of the filter network pro-
vides the —900 V siot lens potential. ‘
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Anode Multiplier

The Anode Multiplier circuit (also contained in High-
Voltage Module CR565) uses voltage multiplication to pro-
duce the +14 kV CRT anode potential. Circuit operation is
similar to that of the voltage-doubler circuit of the Cathode

Supply.

The first negative half cycle charges the 0.001 uF input
capacitor (connected to pin 8 of the High Voltage Module)
to a positive peak value of +2.33 kV. The foliowing posi-
tive half cycle adds its positive peak amplitude to the volt-
age stored on the input capacitor and boosts the charge
on the secand capacitor of the multiplier {and those follow-
ing) to +4.66 kV. Following eycles continue to boost up
succeeding capacitors to values +2.33 kV higher than the
preceding capacitor until all six capacitors are fully
charged. This places the output of the last capacitor in the
multiplier at + 14 kV above ground potential. Once the
multiplier reaches operating potential, succeeding cycles
replenish charge drawn from the Anode Multiplier by the
crt beam. The 1 MQ resistor in series with the output pro-
tects the multiplier by limiting the anode current to a safe
value.

Focus Amplifier

The Focus Amplifier, in conjunction with the auto-focus
circuitry, provides optimum focus of the crt beam for all

“settings of the front-panel INTENSITY control. The Focus

Ampiifier itself consists of two shunt-feedback ampilifiers
composed of Q145, Q152 and their associated com-
ponents. The outputs of these amplifiers set the operating
points of a horizontally converging quadrapole lens and a
vertically converging guadrapole lens within the ort. The
convergence strength of each lens is dependent on the
electric field set up between the lens elements.

Since the bases of Q145 and Q152 are held at constant
voltages set by their emitter potentials, changing the posi-
tion of the wiper arms of the ASTIG and FOCUS pots
changes the current in the base resistors, R261 and R145.
This changes the feedback currents in R245 and R246 and
produces different ouiput levels from the Focus Amplifiers;
that in turn, changes the convergence characteristic of the
quadrapole lenses.

Initially, at the time of adjustment, the FOCUS and
ASTIG potentiometers are set for optimum focus of the crt
beam at low intensity. After that initial adjustment, the
ASTIG pot normally remains as set, and the FOCUS con-
trol is positioned by the user as required when viewing the
displays. When using the FOCUS control, transistor Q152
is controlled as described above; however, an additional
current is also supplied to the base node of Q1 45 from the
FOCUS pot through R262. This additional current varies
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the base-drive current to Q145 and provides tracking
between the two lenses as the FOCUS control is adjusted
during use of the instrument.

Auto Focus Buffer

The convergence strengths of the guadrapole lenses
also dynamically track changes in the display intensity.
The VQ signal, applied to the crt at pins 5 and 6, is linearly
related to the VZ (intensity) signal driving the crt control
grid, and increases the strength of the lenses at higher crt
beam currents. (A higher beam current requires a stronger
lens to cause an equal convergence of the beam.) The
emitter follower Q500 buffers the VZ signal {offset 15 volts
by VR316) to the first and second quadrapole lenses. A
linear relationship (as opposed to the “ideal" exponential
relationship) between the Z-Axis drive (VZ) and quadrapole
voltage (VQ) provides adequate dynamic focusing for fow
to medium Z-Axis drive. The High-Drive Focus adjustment
R400 sets the attenuation factor at the output of buffer
Q500. Capacitors C409 and C285 compensate for the
capacitive loading of the quadrapole elements.

Z-Axis Amplifier

The high-voltage, high-speed transresistance amplifier
U227 produces VZ, the Z-Axis drive signal. The amplifier
has two signal inputs: ZINT—a current input that deter-
mines the output voltage VZ, and ZON—a TTL gating
signal that causes VZ 0 go to its lowest value (approxi-
mately 8 V) when HL. Capacitor G139 supplies current to
U227 during VZ transitions, R137 is a current limiter, and
C234 is a bootstrap capacitor to speed up VZ edges. '

DC Restorer

The DC Restorer provides crt control-grid bias and cou-
ples both the dc and the low-frequency components of the
Z-Axis drive signal to the crt control grid. This circuit
allows the Z-Axis Amplifier to control the display intensity
by coupling the low-voltage Z-Axis drive signal (VZ) to the
elevated crt cantrol grid potential {about —1.9 kV). Refer
to Figure 3-10 for the following description.

The DC Restorer circuit operates by clipping an ac volt-
age waveform at the grid bias and the Z-Axis drive levels.
The shaped a¢ waveform is then coupled to the ert control
grid through & coupling capacitor that restores the dc com-
ponents of the signal.

GRID BIAS LEVEL. An ac drive voltage of approxi-
mately 300 V peak-to-peak is applied to the DC Restorer
cireuit from pin 7 of transformer T525. The negative half-
cycle of the sinuscidal waveform is clipped by CR541, and
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the positive half-cycle (1 50V peak) is applied to the
junction of CR442, CR644, and R546 via R643 and R543.
Transistor QB840 and associated components form a volt-
age clamp circuit that limits the positive swing of the ac
waveform at the junction.

Transistor Q640 is configured as & shunt-feedback
amplifier with C643 and R645 as the feedback elements.
The feedback current through R643 develops a voltage
across the resistor that is positive with respect to the
+15.6 V on the base of the transistor. The value of this
additive voltage plus the diode drop across CR644 sets
the  clamping threshold. Grid Bias potentiometer R100
varies the voltage across base resistor divider R642 and
RG44 and thus sets the feedback current through R645.
The adjustment range of the pot can set the nominal
clamping level between +45 Vand +75 V.

When the amplitude of the ac waveform is below the
clamping threshold, diode CRB44 will be reverse biased
and the ac waveform is not clamped. During the time the
diode is reverse biased, transistor Q640 is kept biased in
the active region by the charge retained on C643 from the
previous cycie. As the amplitude of the ac waveform at the
junction of CR442 and CR644 exceeds the voltage at the
collector of Q640, diode CR644 becomes forward biased,
and the ac waveform is clamped at that level. Any current
greater than that required to maintain the clamp voltage
will be shunted to the +15 V supply by transistor Q640.

Z.AXIS DRIVE LEVEL. The variable Z-Axis signal (VZ)
establishes the lower clamping level of the ac waveform
applied to the High Voltage Module. When the amplitude
of the waveform drops below the Z-Axis signal level,
CR442 becomes forward biased, and the ac waveform is
clamped to the Z-Axis signal level. The VZ level may vary
between -8V and 450V, depending on the setting of
the front-panel INTENSITY control.

The ac waveform, now carrying both the grid-bias infor-
mation and the Z-Axis drive information, is applied to a DC
Restorer circuit in the in the High-Voltage Module where it
is lowered to the voltage level of the crt contra! grid
(approximately —2 kV).

DC RESTORATION. The DC Restorer circuit in the
High-Voltage Module is referenced to the ert cathode volt-
age via a connection within CR565. Capacitor G (labeling
shown in Figure 3-10}, connected fo pin 15 of CR565, ini-
tially charges to a level determined by the difference
between the Z-Axis signal level 2 o the crt cathode poten-
tial. The Z-Axis signal sets the le =l on the positive plate
of capacitor C through R443, CR442. and R546; the level
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on the negative plate is set by the crt cathode voliage
through resistor E and diode A. Capagciter D is charged 1o
a similar dc level through resistor F and R442.

When the ac waveform applied to pin 15 begins iis
transition from the lower clamped level (set by the Z-Axis
signal) towards the upper clamped level (set by the Grid
Bias potentiometer), the charge on capacitor C increases.
The additional charge is proportional to the voltage
difference between the two clamped voltage levels.

When the ac waveform begins its transition from the
upper clamped level back to the lower clamped level, dicde
A becomes reverse biased. Dicde B becomes forward
biased, and an additional charge proportional to the nega-
tive excursion of the ac waveform (difference between the
upper clamped leve! and the lower clamped level) is added
to capacitor D through diode B and resistor G. The
amount of charge added to capacitor D depends on the
setting of the front-panel INTENSITY control, as it sets the
lower clamping level of the ac waveform. This added
charge determines the potential of the control grid with
respect to the crt cathode.

The potential difference between the contro! grid and
the cathode controls electron-beam current (the display
intensity). With no Z-Axis signal applied (INTENSITY con-
trol off), capacitor D will be charged to its maximum nega-
tive value since the difference between the two clamped
voltage levels is at its maximum value. This is the
minimum intensity condition and reflects the setting of the
Grid Bias potentiometer. During calibration, the Grid Bias
pot is adjusted so that the difference between the upper
clamping level (set by the Grid Bias pot) and the "no sig-
nal” level of the Z-Axis drive signal (VZ) produces a con-
trol grid bias that barely shuts off the crt electron beam.

As the INTENSITY control is advanced, the amplitude
of the square-wave Z-Axis signal increases accordingly.
This increased signal amplitude decreases the difference
between the upper and lower clamped levels of the ac
waveform, and less charge is added to capacitor D. The
decreased voltage across capacitor D decreases the
potential difference between the control grid and the
cathode, and more crt beam current is present. increased
beam current increases the crt display intensity.

During the periods that capacitor C is charging and
discharging, the control grid voltage is held stable by the
long-time-constant discharge path of capacitor D through
resistor F. Any charge removed from capacitor D during
the positive transitions of the ac waveform will be replaced
on the negative transitions..
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The fast-rise and fast-fall transitions of the Z-Axis sig-
nat are coupled to the eft control grid through capacitar D.
This ac-coupled fast-path’ signal sends the crt electron
beam to the new intensity level, then the slower DC
Restorer path “catches up” to handle the dc and low-
frequency components of the Z-Axis drive signal. '

. Neon Iamps-DS490 -and DS491 prevent arcing inside
the. crt by preventing the- control grid and cathode from
becoming too widely separated in voltage.

Other CRT Control Circuits

The CRT Control Circuits produce the voltages and
current levels necessary forthe ert to operate. Operational
amplifier U168B, transistor ‘G269, and associated com-

ponents form- an Edge-Focus: circuit that establishes the:
- ¥oltages. for. the-eféemeants- of-the-third-gquadrapole-lens=The

positive’ lens -elemnent is set fo its operating potential by
Edge Focus adjustmertit pet R300 {via R393). This voitage
is also divided by-R278-and ‘R277 and applied to the
noninverting input of U168B to control the voltage on the

other elemeént of the third iens.

The operational amplifier and transistor of the Edge-
Focus circuit are arranged as a feedback amplifier with
R279 and R179 setting . the stage gain, Gain of the
amplifier is equal to the attenuation factor of divider net-
work R278.and R277; so, total overall gain of the stage
from the wiper of R300 to the collector of Q269 is equal to
unity. The offset voltage between lens elements is set by
the ratio of R279 and R179 and the +10V reference
applied to R179. This arrangement causes the two volt.
ages applied io the third quadrapole lens to track each
other over the entire range of Edge Focus
adjustment R300. . -

Other adjustable levél-setting circuits include “Orthog-
onality” Alignment pot R305, used to rotate the beam
alignment after vertical deflection. This adjustment controis
the amount of current through the Y-Axis alignment coil
around the neck of the crt and is set to produce precise
perpendicular’ alighment between the X- and Y-Axis
deflections. The TRACE ROTATION adjustrent  pot,
R1077, is a front-panel control. The effect of the adjust-
ment is similar to the Y-Axis Alignment pot, but when
adjusted, it rotates both the X-Axis and the Y-Axis
deflections on the face of the crt. A final adjustable level-
setting control is the Geometry pot R200, adjusted to
optirize display geometry,

SYSTEM 1/O

The System I/O circuits {diagram 20) provide methods
of getting various types of signals or voltages into and out
- of the scope. These include a GPIB interface, an interface
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to the AutoStep Sequencer, Word-Trigger interface, an
audio bell, and the probe-power connectors used to supply
power to active probes.

GPIB
The GPIB interface pravides an electrical interface

adherent to the IEEE 488-1980 Standard using protocols
defined . in the Tektronx GPIB Codes and

Formats Standard.

GPIB data transfers are done under control of UB30, a
GPIB Controller integrated circuit. The controller automati-
cally produces praper handshaking and data direction con-
trel. Data is transferred to and from the GPIB bus through
bidirectional .buffer UG24. Handshaking signals  are
transferred to and from the GPIB bus via_the handshaking

- bidirectional - buffer,~ U720 -Data-~transfers betivéen "the

GPIB Controller and the System xP are through bidirec-
tional buffer U532, . . :

When power 'is first applied, the GPIBRESET signal
from register U754 holds GPIB Controller U630 in its reset
state. The System uP then removes the reset and begins
to initialize the internal registers of the GPIB Controller. To
write data into the registers, the System P writes data 1o
the ‘memory-mapped addresses between 6800h and
6807h. These addresses produce a LO GPIBSEL and a
LO address bit A3 applied to U332B and enable the GPIB
Controller. Data is written to the internal register defined
by address bits AQ-A2, '

The GPIB Controller is now initialized and begins
watching the handshake lines on the GPIB bus, looking for
a data transfer to be initiated by another GPIB device on
the bus. Data transfer may also be initiated by the System
#P by writing data into the GPIE Controller data register,
in either case, activity on the GPIB bus follows the
sequences presented in Figures 3-11 and 3-12.

When data has been read into the controlier from the
GPIB bus, the GPIBINT (GPiB Interrupt} request is
asserted, telling the Systermn ©P that GPIB data is avajl-
able. To recsive the data, the System uP reads the GPIB
Controller internal data register, automaticaily resetting the
interrupt request. o ‘

Status of the GPIB operations is displayed on the three
front-panel GPIB Status LEDs. These LEDs are turned on
or off by the System wP by writing three control bits into
Word Probe and GPIB LED Register U754,

See the Programmers Reference Guide inciuded with
this instrument for the GPIB commands and functions
implemented in this scope.
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Figure 3-11. GPIE daia flow diagram.
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The GPIB may' be set up to opérate with a Think-Jet® -

printer or any piotter using the Hewlett-Packard Graphic
Language® as a listen-only device on the bus. No con-
troller may be used, and the printer/plotter should be the
only device other than the 2440 on the bus.

' Sequencer Cuiput Circuit

The Sequencer Qutput circuit drives two output BNC
- connectors and accepts input from a third BNC connector.
The outputs/input are called SEQUENGCE OUT, STEP
COMPLETE, and SEQUENCE IN, respectively.
SEQUENCE OUT steps LO (TTL level) to indicate when a
sequence completes execufion; STEP COMPLETE steps
LO to indicate when a step in a sequence completes. A
TTL step from Hi to.LO (or grounding the input) to
SEQUENCE |IN restarts a temporarily halted sequence.

See the Operatars Manual included with this instrument

o for“m‘o‘r & infaridticn.

The System uP controls the SEQUENCE OUT. and
- 8TEP COMPLETE output levels via Miscellaneous Regis-
ter U760 (diagram 1)..When a sequence andfor step is
complete, the System uP sets SEQOUT andjor STEP
COMP HI out of the Miscellaneous Register,

SEQOUT is coupled to Q104 via R300, a 1kQ resistor.
A TTL HI voltage level, dropped across the R330 and the

bagsefemitter of Q104, is great enough to saturate Q104
and provides a LO SEQUENCE' OUT at J1903. When
SEQOUT is LO, Q104 is off. SEQUENCE OUT at J1903 is
pulled up to about +3V via R108. (The +5 Volt supply is
zener-regulated by R105 and VR 105 to provide the
+3 Vot collsctor supplies for Q'1Q4 and Q107.)

The circuit action of Q107 and its surrounding circuitry
is identical to the Q104 stage with STEP COMP driving
the base of Q107 via R108 1o provide STEP COMPLETE
at J1904. CR104/CR107 provide output protection for
Q104/Q107. L

To read the SEQUENCE IN at J1905, the System pP
periodically sets SEQINCS {Sequence In Chip Select) LO

via Miscellaneous Register U884 (diagram 1). SEQINCS is

routed.to..one-input-of-OR-gates-U250C and U1 32A% the -~
other input of OR-gate U250C is connected to the System
uP WR (write) line, and the other input ¢f U132A is con-
nected to the System 1P RD line. With SEQINCS 1O, the

WR and/or RD can drive the output of their respective
OR-gate LO, when they are asserted. '

After setting SEQINCS LO, the System up next asserts
WR LO. This LO drives the outplit of OR-gate U250C LO
to RESET the Q output of D-type Flip-Flop UB94B LO.
NEXT, RD is asserted LO ( WR goes HI) to drive the out-

DATA

pIo1s
{COMPOSITE}

CHANGE  SETTLIN

DATA

SECOND DATA BYTE

a¥AY

- NRFD

NOT VALID @

1
SOME ACCEFTED | accerTeD

SOME READY ! @ '

NONE ACCEPTED ACCEPTED | NONE

ACCEPTED

(2874-149) 4517.13

Figure 3-12. GPIB three-wire handshake state diagram.
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put of OR-gate U132A LO. This LO enables the upper-four
buffers of the Octal Buffer U120, With the Q-output of
Flip-Flop UB94B connected to the input of one of the
enabled buffers, that reset-forced LO obtained at WR is
coupled to the DO line of the System uP Data Bus. The
System pP monitors the DO bit as long as RD and
SEQINCS are asserted.

The input to inverter U424E is normally pulled up to
+5 volts by R120. This Hl is inverted LO by U424FE and
routed to the positive-triggered clock input of Flip-Flop
UB94B. If, during the time D is asserted, SEQUENCE IN
steps LO at J1905, it drives the clock input of U884B HI
and the +5 volts hardwired to the D-input of the flip-flop
latches to the Q output. With the Quad Buffer stil enabled
by RD , the System uP reads the transition via data bit DO
and restarts the temporarily-halted sequence.

Word Trigger and.GPIB Status Control Register

The Word Trigger circuit provides interface and control
of the external Word Trigger Probe. Two bits from Controi

Register U754 are used 1o set the recognition mode of the

Word Trigger Probe. Forty bits of serial data are applied to

the W DATA (word data) line and ciocked into the serial

shift register in the word probe by toggling the W CLOCK

(word clock) line. Once loaded, the Word Trigger Probe

outputs a trigger pulse each time {and as long as) the set
- conditions are met.

The WDTTL output is applied to the trigger circuits
where, if selected as the trigger source, it produces a
scope trigger event. The trigger signal is buffered to the
rear panel by U844D, Q720, and the associated
components. Output levels are TTL compatible, with the
maximum HI level being set by R716 and VR717. Output
impedances are 47 ohms LO and 227 ohms HI. Diode
CR722, zener VR717, and resistors R717 and R718 pro-
vide protection of the output circuit should an out-of-range
voltage be applied to the output connector.

The remaining inputs and outputs of Control Register
U754 are used to control the GPIB Status LEDs and to
reset GPIB Controlier U630.

Beli

The Bell circuit allows the scope to produce an audio
tone to draw the operator's attention to certain warning
and error conditions. The circuit consists of a free-running
oscilator whose signal is gated through the
output speaker.

The oscillator consists of timer U274, configured as an
astable multivibrator (oscillator), and output fransistor
Q594, used to buffer the oscillator output. Current flowing
in R274 and R276 charges C372 up until it crosses the
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trigger level at pin 2 of U274. This sets the output applied
1o the base of Q594 LO, turning the transistor off, and
sets the discharge output at pin 7 to ground potential.
Capacitor C372 now discharges through R276 until the
threshold level at pin 6 is reached, at which time the out-
put at pin 3 goes HI and the discharge pin goes to a high-
impedance state. Capacitor C372 begins to charge
through R274 and R276 again, completing the cycle. The
cycle continues as long as instrument power is applied,
alternately turning Q594 off and on with an approximate
50% duty cycle.

The BELL line from the Miscellaneous Register (U760,
diagram 1) is used to gate this oscillator signal through the
speaker to produce the audio output. As long as BELL is
LO, transistors Q596, Q558, and Q592 are off, and current
is cut off to speaker L5498,

When BELL goes Hi, transistor Q596 turns on, which in
turn, turns on Q588. With Q588 on, the base of Darlington
transistor Q592 is pulled HI. Now, whenever the oscillator
transistor Q594 is on, proper biasing conditions for Q592
are established and current flows from the +5 Vp supply
to ground through Darlington Q592, the speaker LS408,
and transistor Q594. When Q594 turns off, current flow is
interrupted until the oscillator turns Q594 back on.

Since LS498 is inductive, the current decay portion of
its cycle (Q594 off) tends to force pin 1 of the speaker
above the +5 Vp supply level. Diode CR584 becomes for-
ward biased in this case and shunts the decay current
back to the +5 Vp supply, protecting transistor Q594 from
overvoltage conditions.

As long as the BELL ling remains HI, the speaker pro-
duces an approximate 2 kHz tone. In practice, the System
uP sets the BELL line HI for a short time {=4 ms), turning
Q588 on, starting the tone and rapidly charging C590.
When BELL returns LO, C590 gradually discharges
through ‘R594. As the capacitor discharges, bias on G592,
and thus current through the speaker, is reduced, causing
the sound to gradually fade out in a pleasing “bell-like”
tone,

Probe Power

The Probe Power outputs on the rear panel provide
access to three of the instrument power-supply voltages
and may be used to power approved . voltage- and
current-probe -accessories. Contact your Tektronix sales
representative for a list of approved probe accessories.

Video Option Control Register

The Video Option Control Register (U750 on
diagram 20) is written to by the System Processor
(address-decoded location 6012h) to control operational
setup of the Video Option. The Video Option Control
Register is initialized on power-up and provides for control
of the following functions:
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1. Selection of trigger field (Field1 or Fisld2).

2. Choice of triggering on positive-- or negative-sync
input signals (NEG-SYNC). ' -
8. Selection of correct polarity of the offset signal via
the CH2 INV signal. : L .

4. Control of the display functions (VIDEO CLAMP and
FAST CLAMP). - :

5. Enabling the Video Trigger Circuit to trigger
the scope. o

6. Selection of TV Line Coﬁpling—alio.WiNQ all lines to
produce "a trigger signal to the main Trigger circuit of
the scope. '

The Video Option (diagram 21 } consists of additional
hardware and-firmware installed in the host instrument to
enhance triggering on and viewing of composite video sig=
nals. The Video Option. block diagram located in the
tabbed foldout pages in the rear of the manual may be an
aid in following the Video Option circuit descriptions.

The Video Option circuitry contains both video-signal
processing and trigger-generation circuits. The videc-signal
processing circuits stabilize the input signal and separate
the television synchronization signals (horizontal and verti-
cal sync pulses) from the composite video signal. The
trigger-generation circuits then count these separated sync
pulses to .determine when a TV Trigger signal is to be
produced. :

In the video-signal processing circuits, the gain of the
AGC (automatic gain control) Amplifier is automatically
adjusted. to produce the cofrect signal amplitude to the
Sync Pickoff Comparator far proper sync separation over
d wide range of input signal levels. The Trigger Back-
Porch Clamp adjusts the back-porch level of the input sig-
nal through the Fixed-Gain Amplifier on each sync pulse,
The feedback to the Fixed Gain Amplifier compensates for
level shifting caused by any power-liine ripple riding on the
composite video signal. The Sync-Tip Glamp circuit moni-
tors the horizontal-sync pulse ampiitude’ and produces the
automatic-gain-contro! voltage that sets the gain of the
AGC Amplifier. Sync pulses are separated from the com-
posite video signal by the Sync Pickoif Comparator, The
horizontal- and vertical-sync pulses are further separated
by the Pulse Stretcher and Field Generator circuits for use
in- producing the horizonta! clock and field-sync signals
needed by the Trigger Generation circuitry,

To set up the Video Option operating modes, the
System Processor writés control settings to the Video
- Mode Option Register (diagram 20) in the System I/O ¢ir-

3-84

cuitry. The- latched setting in the register is held until a
different -mode is needed. Programmable counters, also
under System processar control, count the extracted hor-
izontal syn¢ pulses (lines) until the line number: for-the
selected trigger point is reached. At that paiiit, if the miin
trigger circuit is finished with holdoff, the TV Trigger Geri-
erator circuit produces a TV Trigger to the A/B Trigger
Generator to trigger the next storage acquisition.

An additional display function added to Channel 2 is the
TV CLAMP feature, When enabled, the circuitry holds the
back-poreh level of the displayed signal on Channel 2 at
ground level. The Channel 2 Vertical Display Clamp circuit
checks the back-porch levels of. the incoming TV sigral on
Channe! 2 and produces -offsetting . voltages to the Chan.
nel 2. Preamplifier to bring those levels: back . to ground
reference. The circuit.action produces a stable vertical sig-
nal display of a TV signal by removing power supply ripple

that may.be present..Either-inverted or-naninverted-signals

may be displayed with the TV. CLAMP feature.

' Video Signal Processing Circuitry

AGC AMPLIFIER. - The AGC {automatic gain control)
Amplifier, Q514, U612, and U710B, amplifies the
composite-video - input signal from the selected trigger
channel. Stage gain is controlled by feedback that is
derived from the amplitude of the incoming horizontal sync
pulses. The amplifier itself is formed by two cross-
connected differential amplifier pairs in U612 that permit
normal or inverted amplification of the signal. The front-
panel SLOPE/SYNC switch selects whether the amplifier is
inverting or noninverting to match the required signal
poiarity- for the sync-separation circuits. For correct opera-
tion of the sync separation circuit, the composite-video sig-
nal must be sync-negative; therefore, if a “noninverted”

signal display has positive sync, the SLOPE/SYNGC switch

may- be pressed to invert the ‘signal {+ SLOPE LED is on
for positive-sync input display). Inversion only occurs in the
trigger Sync Separator path; the display polarity remains
unaffected,

Gain of the AGC Amplifier is controlled by the action of
the Trigger Back-Porch Clamp, the Sync-Tip Clamp, and
the Automatic Gain-Control circuitry working together to
set the channel resistance of FET Q514 and thereby the
gain of AGC Amplifisr U612, Amplifier gain is automaticafly
adjusted to maintain the sync-tip level at a known point
relative to the back-porch amplitude of the signal. This
action provides an accurate and stabie pickeff point on the
signal to the Sync Pickoff Comparator circuit (Q504 and
Q510) with input video signals of different or varying ampii-
tudes. The minimum gain of the circuit is decreased (to
permits the application of higher amplitude signals) by the
use of constant-current diodes CR526 and CRB20 as the
current sources for the differential ampiifiers.

When power is first appiied, the Operating level of the
AGC Amplifier is estabiished by feedback only. With no
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signal applied, the channel resistance of Q514 is minimum,
setting the gain of the AGC Amplifier to maximum. With
maximum gain and no signal, the feedback loops of the
Back-Porch Clamp and the Sync-Tip Clamp set the circuit
gain as if an average “ground’’ signal were being received.

The composite-video input signal is applied to one input
of the differential AGC Amplifier at pin 3 of U612 and to
Dc-Offset Amplifier U710B via a low-pass filter composed
of R714 and C714. The low-pass filter averages the signal
at the input of U710B so that only the average {dc) signal
level appears at the output of U710B and on pin 11 of
UG12. Since the input signal swings about this average
level, the AGC Amplifier output signal will be centered in
its linear amplification region.

The base-emitter bias of the differential output transis-
tors within U612 are controlled by the NEG-SYNC signal
from Video Option Control Register U750 (diagram 20).
When the NEG-SYNC bin is set HI, the transistors con-
nected to pins 2 and 9 will be biased on, with those at pins
6 and 13 biased off. When NEG-SYNC is set LO, the con-
ducting transistors are switched, and the polarity of the
output signal  driving fransistor Q612 is inverted.
Common-base transistor Q612 level shifts the output sig-
nal from the AGC Amplifier and provides voltage gain to
drive U610D.

FIXED GAIN AMPLIFIER. The Fixed Gain Amplifier cir-
cuit, formed by U610A, B, and C, Q502, and U710C, pro-
vides additional gain to the video signal from the AGC
Amplifier. The Trigger Back-Porch Clamp circuit monitors
the back-porch level of the resulting signal and injects an
offsetting dc level into the Fixed Gain Amplifier via U710C
to shift that level to approximately +4.5 V.

Emitter-follower UB10D drives one input of a differential
amplifier made up of UG10A and UG10B, while the other
input is driven by the output signal of U710C. Transistor
UB10C and its associated components form the current
source for the amplifier. The collector output of UG10B
drives the input of the Sync Pickoft Comparator.

Transistor Q502 and its associated circuitry act as a
start-up circuit that menitors the dc output level of UG10B
and appiies an offset voltage to pin 10 of U710C should
that level go below zero volts. This occurs when going
from a "‘no-signai” or low-signal condition to a strong sig-
nal. If the dc output level goes below ground, diode CR612
will become forward biased, shutting off Q502. With @502
off, the —15 V supply applied via resistor R506 will for-
ward bias CRB06 1o charge C713 negatively. This pulls the
output voltage of U710C negative and decreases base
drive to UB10B. Reducing base drive reduces the collector
current so that the collector voltage of UE10B returns
positive until the above zero-volt output level is restored
and CR612 becomes biased off.

Theory of Operation—2440 Service

SYNC PICKOFF COMPARATOR. The Sync-Pickoff
Comparator, composed of (1504 and 510, switches when
the amplitude of a sync pulse crosses the comparator
threshold level. The switching threshold is set by the bias-
ing resistors of @510, R408 and R409, to about 50% of
the sync level to eliminate any video information. The out-
put signal from the collector of 510 is the composite of
all detected sync pulses, and the output of Q504 is an
inverted replica of that signal.

SYNC-TIP CLAMP AND AUTOMATIC GAIN CON-
TROL. Transconductance Amplifier U510, in conjunction
with the AGC Amplifier, is used to clamp the sync-tip fevel.
Amplifier U510 is enabled by the bias current supplied by
Q512 when sync tips turn that transistor on. This amplifier
acts as a weak operational amplifier to set the sync-tip
level constant when Q512 is conducting to supply bias
current to pin 5 of US10.

The Sync-Tip Clamp holds the negative-sync tips at
about +0.5V, so the resulting sync pulses are approxi-
mately 4 V in amplitude. Anytime the negative-sync tips at
the collector of U108 go below about +0.5 V, input pin 3
of U510 will go below the ground reference at the other
input. This causes the output of U510 to go low when
enabled, and C512 begins discharging slowly toward
_15 V. This decreasing voltage is applied to the gate of
FET Q514 1o increase the channel resistance and
decrease the gain of the AGC Amplifier. Since U510 is a
transconductance amplifier, it can change the voltage
across C514 only a small amount during gach sync pulse,
and a few horizontal-line cycles are needed to reduce the
gain of the AGC Amplifier to the new operating ievel.
Between sync tips, when amplifier U510 is disabled, the
long time constant of R610 and €512 holds the bias for
Q514 (and thus gain of the AGC Amplifier) nearly
constant,

Diode CR502 acts to reduce AGC Amplifier gain quickly
if the negative-syne-tip amplitude at the collector of UG10B
drops below —0.8 V. If the dicde becomes forward biased,
as it might should the signal amplitude go suddenly nega-
tive, @510 will be turned on for a longer time until the sig-
nal amplitude returns to a lower level. Amplifier U510 can
then increase the channel resistance of Q514 more quickly
to reduce gain of the AGC Amplifier and return the sync-
tip amplitude to the correct level.

TRIGGER BACK-PORCH CLAMP. The Trigger Back-
Porch Clamp circuit formed by U504, U410A, and assocl-
ated components, Is enabled for a short time during each
horizontal-sync pulse immediately following the sync tip
(during the back-porch time). The output of the Trigger
Back-Porch Clamp is used to hold the back-porch level of
the composite-video signal to a predetermined dc level.
This, in combination with the action of the Sync-Tip
Clamp, produces sync pulses that are approximately 4 V
in amplitude.
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. Transconductance Amplifier US04 is enabled by turning
transistor U410A off on the faliing (trailing) edge of the
inverted sync pulse from Q504 (via C308). Bias current to
‘turn on U504 is then supplied through R403. The amplifier
will stay "enabled until the current 'supplied_by‘ “resistor
R214 charges C308 back positive ghough to bias U410A
back o (in approximately 1 us). During the time that U504
is enabled, it ‘sénses the back-porch level of the
composite-video waveform applied to pin 3 via resistive
divider R613, R602, and R&04, Depending on whether the
sensed level is above or below the ground reference level
on pin2, the amplifier output will either charge’ or
discharge capacitor C713 to a new voltage level. This wil
slightly change “the . offset voltage applied to pin 4 of
UB10B (via' U710C), shifting -the entire -composite-video
‘waveform in the direcfion required t6 hold the back-porch
level at +4.5 volts (zero volts on pin 3 of U504). During

the period between back porches, €713 acts as a hold N

capagcitor-to maintain the offset bias on US{0B.

PULSE STRETCHER. The Pulse Stretcher lengthens
the horizental-sync pulse width to produce a more sym-
metrical; faster rise-time clocking puise. It also removes
alternate equalizing and serrated pulses that occur during
the NTSC TV signal verticalsyne block from the
composite-sync waveform in order to maintain the correct
horizontal clock rate.

Transistors U420B, U420C, and associated com-
ponents form a monostable muttivibrator used to stretch
the width of the horizontal-sync pulses. The leading edge
of each horizontal-sync pulse tumns on. U420C which, in
turn, reverse biases diode CR224 via G325 to turn off
U420B. The resulting HI at the collector of U420B keeps
U420C biased on {via R421). The output at the collector of
U420B remains Hi until 325 charges to about +1 volt via
R224; then, CR224 becomes forward biased to once again
turn U420B on. The collector voltage of transistor U4208
then drops to about +0.4 V, at which point diode CR329
conducts to clamp the output at one diode drop above
ground. This stretched output pulse from the monostahie
multivibrator is level-shifted down one diode drop through
CR328 to produce the TTL-compatible HORIZCLK signal
used to generate trigger signals to the main Trigger circuit
of the oscilloscope. ‘

Since the equalizing and serration pulses in the
vertical-sync block occur at twice the horizontal-sync rate
(see Figures 3-13 and 3-14), every other one must be
prevented from triggering the monostable multivibrator to
keep the fine count correct. The DLY'D HCLK (delayed
Hoarizontal clock) applied to the base of U4208 (via R210)
holds that transistor on for a period of time between the
normal horizontal line-sync pulses. This action effectively
removes the unwanted pulses from the HORIZGLK output
" by preventing them from triggering the multivibrator circuit.
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~ CLOCK FREE RUN. if non-NTSC standard television
sighals ‘are béing used, the vertical-sync block may not be
serrated. To maintain the proper horizontal-sync rate dur-
ing the absence of signal-supplied horizontal pulses, the
Clock Free-Rin circuit produces “artificial’ ciock pulses.
Therefore, the line count will continue and be correct when
the next Horizontal-sync pulse does arrive. The signal used
as the self-gerierated HORIZCLK signal is derived from the
VCO . (voltage-controlled oscillator) output- (2XH) of the

‘Phase-Locked Loop éircuit. That signal, at twice the

horizontal-sync rate; is divided by two at the Q output ‘of

flip-flop U220B. It is ‘then wirg-ORed into theé HORIZCLK

signal line via R334 and CR332. If a horizontal-sync pulse
is not present to trigger the monostable multivibrator,
CR332 will be biased on by the Hi HCLK to pass that
pulse to the HORIZCLK signal line. When the Phase-
Locked Loop (PLL) circuit is locked (synchronized) with the

_Incoming horizontal sync, the H.C_LK_r:ising.--.edgehwill--slightly—
“lag the incoming sync:pulse to prevent jitter of the HOR-

IZCLK signal to U5248,

PHASE-LOCKED LOOP (PLL). Phase-Locked Loop
U314 locks onto the horizontal-sync signai to produce a
synchronized clock at twice the harizontal-sync rate (2XH).
The 2XH clock is used to extract the various syng- and
field-identification  signals  from  the composite-sync
waveform, It is aiso divided and defayed to obtain the
DLY'D HCLK (see Figure 3-13} signal used in eliminating
alternate equalizing and serration pulses from the HOR.
IZCLK signal and' the input to the PLL Phase Comparator

“inputs.

The 2XH VCO {voltage-controlled osciilator) output is
divided by two by flip-flop U220B to produce both the
HCLK and HORIZCLK signals at the horizontal-ine rate,
Horizontal sync from the input signal is applied to the
Phase Comparator input of U314 at pin 14 via U308B. The
HORIZCLK from the Q output of U220B is applied to
U314 at pin 3 through U308C.

Phase Comparator output 2 (PC2 OUT at pin 13) of
PLL U314, outputs the PLL ERROR signal whenever the
leading edges of the HORIZGLR signal on pin 3 and the
horizohtal-sync pulses on pin 14 do not coincide. The error
signal output is integrated by R322, R320, and G322 to
produce a voltage (applied to pin 8) used to correct the
operating frequency of the VCO. When ‘either no phase
errors exist or no signals are present to compare (both
phase-comparator inputs at the same level), pin 13 goes
to a high-impedance state, and the voltage on C322 main-
tains the operating frequency of the VCO. Resistors R323
and R324 and capacitor C324 set the operating frequency
range of the PLL circuit, A bleeder resistor, R327, reduces
the charge on C322 slightly between each error signial out-
put so that the HORIZCLK signal will always lag the
horizontal-sync of the input signal by a small amount. This
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Figure 3-13. Video Option waveforms.

3-87




Theory of Operation—2440 Sérvice

BOTTOM -5 8 .1 B R ‘|
OF | EQUALIZING SERRATED™ .~ EQUALIZING 'éfiﬁ¥¥ﬁé gﬁﬂilfﬁ
FIELD 2 PULSES PULSES PULSES
'COMPOSITE
VIDED _ _ .
' }<—H—b+?—1—b+1—2—l+1—3~I+-r4~*+*—5-+1—5-I+1%7"i+1—8—i+1—9fh1
I verT s (1) f
2%H
UZ10A-3
HCLK
U43p8-9

1
Tions —”-ﬂJULﬂJLﬂ.JEﬂﬂW_U—U”LH_LML_ﬂ_UL LN [

!
|
!
!

COMPOSITE
YIDEC
}1—1—-+1-2—-+t~3—-+-4-+1—5—-+t—8—-+-—7—-+1-8—-+-—9-{
VERT SYNC (2)
N
_
BOTTOM -OF . ST - " RETRACE TGP OF
FIELD 1 . VERTICAL SYNC ! BLANKING ] FIELD 2
4817-17

Figure 3-14. Video Option field-sync identification,

3-88



slight lag prevents the possibility of jitter in the HORIZCLK
signal going to clock TV Trigger flip-flop U5248.

A similar signal {PLL LOCK} from pin 1 of the Phase
Comparator is integrated by R326 and C330. f the PLL is
not lacked onto the input signal, the PLL LOCK output
remains in the LO state long enough to be sensed by the
PLL Unlock Detector. The long LO state of the PLL LOCK
signal discharges C330 negative enough with respect 1o
the emitter voltage of Q330, that the transistor becomes
biased on. The collector voltage of Q330 will then go high,
and Vertical Sync flip-flop U310A and Delayed Horizontal
Clock flip-flop U220A will both be reset by the H!
UNLOCKED signal. With U220A and U310A both reset,
the DLY'D HCLK and VERTSYNC signals are held LO,
and the equalizing pulses and vertical-sync serrations are
no longer prevented from passing through NOR-gate
UR0BB. The PLL Phase Comparator then sees the entire
input signal during attempts to lock on so that locking will
oceur in the proper range. While the unlocked condition
exists, the Channel 2 Vertical Display Clamp circuit is held
disebled {via R328) by the HI state of TVCLAMP to
prevent an invalid offset from being sent to the Channel 2

" Vertical Preamplifier.

When lock is achieved, the phase difference between
the two input signals becomes very small. The PLL LOCK
pulse output level remains in the HI state (no error) iong

enough that C330 is allowed to charge positive and turn

off transistor Q330. UNLOCK then goes LO to remove the
resets from flip-flops U310A and U220A, allowing them
operate, and TVCLAMP ‘goes LO to enable the Channel 2
Vertical Display Clamp circuit. Unwanted equalizing pulses
and the vertical-sync serrations are now prevented from
- passing to PLL Phase Comparator inputs by the DLY'D
HCLK (delayed horizontal clock) and VERTSYNC signals
applied to the PLL Phase Comparator Input NOR-gates,
L3088 and U308C (see Figure 3-13).

The DLY'D HCLK is shifted one-quarter HCLK cycle.
When the DLY'D HCLK is HI, the outputs of both NOR-
gates at the inputs to the PLL Phase Comparator are held
LO, and the alternate equalizing pulses of composite-sync
signal are prevented from passing 1 the PLL Phase Com-
parator. The vertical-sync serrations are prevented from
passing through NOR-gate U308B by the HI VERTSYNC
signal applied during vertical-sync times. Both types of
unwanted pulses are thereby eliminated from the Phase
Comparator inputs. The remaining sync pulses to be com-
pared with the HORIZCLK signal are then only at the
horizontal-sync frequency, and the VCO output frequency
shifts slightly as necessary to bring that frequency to pre-
cisely twice the horizontal-sync rate (2XH). The charge on
capacitor C322 holds the VCO to that output frequency
throughout the vertical-sync period when all serration
pulses are disabled from the Phase Comparator input and
no comparisons are being made.

Theory of Operation—2440 Service

DELAYED HORIZONTAL CLOCK. The Delayed Hor-
izontal Clock (DLY’D HCLK) is used to remove alternate
equalizing pulses and serration puises from the
composite-sync waveform in order to maintain precise
sync for horizontal line counting. The PLL-generated HCLK
signal from the Q output of U220B is clocked into U220A
by the 2XH pulse from NOR-gate U308A (acting as an
inverter). The inversion of the two-times clock delays the Q
output of flip-flop U220A by one-quarter of a horizontal
clock (HCLK) cycle. The quarter-cycle delay enables the HI
portion of the output (applied t© U420B via R210) to mask
the alternate, unwanted equalization and serration pulses
(oceurring at twice the horizontal-sync rate} from the HOR-
IZCLK output by preventing U420B, in the Pulse Stretcher
circuit, from switching during those time periods. The
same signal masks the unwanted equalization pulses from
the PLL inputs by disabling NOR-gates U308B and U308C
from passing signals to compare during the DLY'D HCLK
HI state. Al the vertical-sync serration pulses are efim-
inated from the PLL Phase Comparator input by the Hl
state of the VERTSYNC signal applied to the input
NOR-gates.

VERTICAL SYNC. The Vertical Sync circuitry outputs
pulses for both the Field 1 and the Field 2 vertical-sync
times. These VERTSYNC pulses are used to toggie the
Field Sync Generator. The VERTSYNC signal is produced
by clocking the level of the COMPSYNC signal on the D
input (pin 5) of U310A into that flip-flop using the inverted
two-times horizontal clock 2XH. Figure 3-14 shows that
only during a vertical-sync interval will the COMPSYNC
signal be HI on the rising edge of the BXH clock. At all
other {non-vertical sync) times, the COMPSYNC signal will
be LO on the rising edge of the 2XH clock. Thus, the Q
output of flip-flop US10A will be clocked HI during vertical-
sync intervals for VERTSYNG, and it will be clocked LO
during the rest of the field.

FIELD-SYNC GENERATOR. The Field-Sync Generator
produces the FIELD signal used in identifying the individual
fields of picture information. For interlaced-scan signals,
the signal identifies which field a given line of picture infor-
mation belongs to (exceptions are explained in the Line
Counter description}; while, jor non-interlaced-scan sig-
nals, it toggles to indicate vertical sync. The circuit con-
sists of an Interlace/non-Interlace Detector, a Vertical-Sync
Latch finterlaced), and a Vertical-Sync  flip-flop
{non-interlaced).

To detect whether a signal is interlaced (two vertical-
sync pulses per frame) or non-interiaced (only one
vertical-sync pulse per frame), flip-flop U310B is clocked to
transfer the level of the HCLK signal on the D input to
the @ output by the VERTSYNC clock ai the start of a
vertical-sync  period. For. non-interlaced displays, the
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vertical-sync rising edge always ‘oceurs during a HI pdrtion
of the HCLK ssignal, and the @ output of U3108 will be
clocked HI; while, for interlaced displays, the Q output will
. alternate between Hi and LO. S

The ‘Q from pin 12 of U310B controls two other flip-
flops U430A and U4308B, through the circuit action of
transistors U420A and Q422. If the output of U3108 is not
toggling (non-interlaced ‘signals), transistor U420A will bé
turned off by pull-dowri resistor R426. This aliows the base
bias voltage of Q422 to' go positive as C426 charges
through R429 and R428. Soon, (1422 is biased oif and
flip-flop U430B becomes reset. The reset on U4308 from
C426 holds_the @ output HI to reverse ‘bias CR334 and
isolate the Q output from the FIELD signal line. At the
same time, the LO TVINTERLACED signal applied to the
set input of U430A from the collector of Q422 enables that

flip-flop to toggle on the rising .edges of the vertical-syng. - -

Pulses”applied to the clock input (pin 8). This toggling is
required to reintialize the counters after they have counted
their last lines. The TVINTERLACED signal is also applied
to the Processor Miscellaneous Buffer (UB54, diagram 1)
where it may be read by the System uP to determine
whether the video signal is interlaced or non-interfaced.
The System uP must be able to determine this information
to properly control the line counting.

For intertaced displays, the output from U310B will tog-
gle. This will alternately turn transistor U420A on and off
at the vertical-field rate. The first time U420A gets turned
on by an interlaced-system signal, it discharges C426 and
turns Q422 on. Capacitor C426 will charge positive
through R429 and R428 when U420A tums off, but the
fong time censtant of the charging path prevents the
charge from getting positive enough to reassert the reset

to U430B before the next toggle cycle once again’

discharges the capacitor. Flip-flop U430A is held set by
the HI TVINTERLAGED (interlaced) signal asserted from
the collector of Q422, and CR336 is reverse biased to iso-
fate U430A from the FIELD signal line. The resulting FIELD
signal, as a result of the cutput of flip-flop U430B, will be

HI for all lines in Field 1 and LO for all iines in Field 2 (with

a few exceptions that are explained in the Line Counters
description).

LINE COUNTERS. Line Counter U530 contains three
programmable counters (at decoded addresses 6808h
through 680Fh) that are set by the System Processor to
determine when the chosen line number in the field
selected for triggering is reached. The various control
registers of the counter are set up to count horizontal
clock pulses (lines) to determine line location in the field.

The Line Counter is enabled whenever its  address
. block is decoded by the system Address Decode circuitry.
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To differentiate it from the GPIB circuitry (which also
answers for the same block of decoded addresses), the
Video Option uses address bit A3 as a second chip select.
Specific registers within the Line Counter are addressed
using address lines AQ-A2 applied to the register-select
inputs. Reading and writing of the selected register is con-
trolled by the System uP using the WR select line while
the E (enable) clock synchronizes transfers to the System
uP rate! ‘

Once the proper setup data (defining counter mode and
line number) is written 1o the Line Counter, the enabled
counter will begin counting horizontal clock ‘pulses (lines).
Counters are alternately started as the FIELD signal tog-
gles, and cauntérs 1 and 2 produce a LO output when
their predefined counts are reached. Counter 3 is used to
determine the number of LINES in a FIELD {of FIELD 2 if

-iR-an-interlaced System)TTHe" Systam AP CHgcks the " pre-

vious field” line count by reading the counter contents via
the data bus. '

LINE COUNT ADJUSTMENTS. Depending on the type
of signal being triggered upen (System M or non-System
M) and the desired line for trigger, the System uP adjusts
both the numbers preloaded to the coynters and the field
to which the assigned line-count relates. These line-count
and relative-field adjustments are required for the following
reasons.

1. The HORIZCLK coincident with a switch in the
FIELD indicator does not produce a count. Since the
FIELD change doesn’t enable the opposite counter in time
to catch the rising edge of the HORIZCLK {responsibie for
the change), the preloaded fine count must be reduced
by one. C

2. The counters cannot produce a “zero-count" delay;
i.e., the counter output goes LO-one count {line) after the
counter reaches zera. Even when set to Zero, a count

must still ocour; so the line count must be reduced by one

again.

3. The counter outputs merely arm the trigger circuit,
with the next fine sync producing the actual trigger: there-
fore, line count must be reduced again by one.

RELATIVE FIELD ADJUSTMENTS. For hon-System M
television signals (line one coincident with the FIELD sync
pulse), the line-adjustment requirements described above
require that the first three lines of either field be counted
refative fo the previous FIELD puise.



Since, by definition, System-M fields begin numbering
lines three lines before the vertical field-sync occurs, and
due to the line-adjustment requirements described above,
the first six lines of System-M fields must be counted rela-
tive to the previous FIELD pulse.

As stated in the "'Line Count Adjustments,” the trigger
arming pulse occurs one line count prior to reaching the
selected trigger line. Depending on whether the System
Processor has selected the arming pulse relative to Field 1
or Field 2, either NAND-gate U541C or NAND-gate U541D
will be enabled by a control bit (FLD1 or FLD2) from Video
Option Control Register U750, The selected pulse, when it
ocours, is passed through the enabled gate, through
US41A and U424D, and appears as a clock pulse at the
trigger-arm flip-flop, U524A. ‘

TV TRIGGER GENERATOR. The TV Trigger Generator
circuit produces the signal to trigger the Oscilloscope at
the designated horizontal fine. The output from the Line
Counter arms the TV Trigger Generator circuit, enabling a
trigger to be produced on the next fine-sync pulse. Gen-
eration of a TV trigger from the circuit is enabled by a Hi
TVENA (TV-enable} bit from Video Option Control Register
U750 (diagram 20}.

in the Video Option, as in the main Trigger Generator a
trigger signal is inhibited from being produced during
trigger holdoff. For the holdoff period, the ATHO (A-trigger
holdoff) signal applied to U424C is HI to hold arming flip-
flop U524A reset which, in turn, holds trigger flip-flop
U524A reset. When the holdoff processing cycle is com-
pleted, the ATHO signal goes LO to remove the reset from
Us24A and enable triggering.

Assuming TV Line Coupling mode is not active, the
LINECPL ({line coupling) bit applied to U541B pin 5 will be
LO, and arming flip-flop U524A will be enabled. When the
Line Counter has counted the proper number of lines rela-
tive to the Processor-selected field, flip-flop US24A will be
clocked. This produces a Hi "armed™ level applied to the
reset input of trigger flip-flop U524A that releases the
reset condition of the flip-flop. The next HORIZCLK pulse
{line) then clocks a LO to the Q output, TVTG, that defines
the trigger point in the acquisition record. The TVTG out-
put is reset HI when trigger holdoff (ATHO) goes Hi to
reset the flip-flop via U424C and U524A.

When TV Line Coupling mode is selected, the LINEGPL
bit from the Video Option Control Register will be set HI.
This causes flip-flop U524A to be immediately armed when
A trigger holdoff ends by forcing a set signal to pin 4 of
that flip-flop through NAND-gate U541B. In this mode, a
trigger will occur on the first fine sync following the end of
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each holdoff interval. The resulting display will be stable
with respect to horizontal sync pulses but will not be
stable with respect to the vertical sync pulses.

CH2 VERTICAL DISPLAY CLAMP. The Channel 2
Display Clamp circuit clamps the back-porch level of the
triggered-display signal near the on-screen zero-volt refer-
ence. This allows automatic positioning of the display on
the crt when probing various points with differing dc levels
and removes vertical jitter that would be caused by 60-Hz
hum riding on the television signal.

The Channel 2 Pickoff (CH2 PO) signal from the Chan-
nel 2 Preamplifier is applied through a low-pass filter
formed by R524 and C514. The filter removes all the high-
frequency components from the composite video signal,
but its purpose is to specifically remove the color-burst
modulation from the back-porch of the sync pulses. The
filtered sync pulse is then amplified with respect to ground
during its back-porch interval either by operational
amplifier U514 or by operational amplifier U520, depending
on the display polarity chosen by the operator. The
selected comparator, when gated on (via U410A and either
R410 or R411) during the back-porch interval, produces a
de-offset voltage used to shift the back-porch level of the
displayed channel 2 signal to zero volts. Capacitor C522
acts as a hold capacitor 1o maintain a constant dc offset

1o the Channel 2 Vertical Preamplifier between back-porch

samples. Operational amplifier U710D buffers the offset
signal to the Channel 2 Preamplifier.

Offset gain of Channel 2 Preamplifier U320 is set higher
when the CH2 VOLTS/DIV switch is set to 2 mv, 5 mV,
10 mV, 100 mV, or 1 V/Div. At those VOLTS/DIV settings,
the FASTCLAMP bit is set LO to turn on U420E. This
turns FET Q419 on and places C520 in parallel with C522
thus increasing the size of the hold capacitance. This
slows down the loop response at the “more sensitive"
offset gain setting of the Channel 2 Preamplifier to prevent
oscillation. '

CLAMP SWITCHING. The Clamp Switching circuit
enables and disables the effect of the Channel 2 Vertical
Display Clamp. The clamp circuit operation may be
switched to provide correct clamping for either inverted or
noninverted video signals.

When display clamping of the Channel 2 signal is not
enabled, BCLAMPENA will be set LO, turning U420D on. '
The H! on the collector of U420D turns on 4108, U410C,
and Q420 and turns off Q710 via U710A. Any enabling
currents to offset amplifiers U514 or U520 are shunted
through U410B and U410C respectively. With FET Q420
on, the input to U7100 will be grounded. This disables the
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Offset Buffer. With FET Q710 turned off via U710A; the
offset line to-the Channet 2 Vertical Preampilifier is open
circuited, so no trace offsetting can oceur. '

'When the Channel 2 Vertical Display Clamp is eriabled,
BCLAMPENA will be Hi, turning U420D off. The LO on the
collector of U420D turns Q420 off, enabling Offset Buffer
Amplifier U710D to track the offset level output from the
active Offset Amplifier, and the offset signal line to the
Channel 2 Vertical Preamplifier is connected to the Offset
Buffer by turning on Q710 via-U710A.

_ Selection of either U514 or U520 is controlled by the
CHZ INV signal and is dependent on the setting of the

invert function in the associated COUPLING/INVERT

+MenuSincesignal Offsetting 7 the Channal 2 Preamplifier
is done before the signal is inverted, offset voltagas for
inverted- and normal-signal displays must be of opposite
polarity. Switching  between these two offset amplifiers
providés the required polarity change and allows the back
p'orch_ of either display type to be clamped at the ground
reference. Depending on the polarity of the CH2 INV
(Channel 2 Iriver) signal, gither U410E or U410D will be
on, turning off either U410B or U410C. U410B will be off
when CH2 INV is HI and U410C will be off when it is LO,
Bias current from the Trigger Back-Porch Clamp circuit to
the offset amplifiers (U514 and U520} is not shunted away
by the “‘off" transistor, and the offset amplifier associated
with the off transistor will be biased on during the sync
pulse back-porch interval.

Biasing current to enable the selected Offset Amplifier
is produced during the back-porch interval when U410A {in
the'Trigger Back-P_orch Clamp circuit) is turned off. Bias
current through either R411 or R410 {depending  on
whether U410B or U410C is off) is supplied via R403. The
other offset amplifier will be disabled since its bias current
is being shunted through the "on™ transistor. The amount
of bias current permitted by Transconductance ‘Amplifier
U504 to the “on” amplifier provides a signal to the Chan-
nel 2 Preamplifier (after buffering by U710D) that vertically
offséts the displayed signal on Channel 2.

Since the offset voltage must be maintained throughout
the entire horizantal interval, capacitor G522 (and C520 in
parallel if FASTCLAMP is not enabled) servés as a hold
capacitor  between  back-porch samples. At some
VOLTS/DIV settings the Channel 2 Preamplifier is set for
higher offset gain. Transistor Q419 will be turned on for
those settings, placing €520 in parallel with C522 to slow
down the loop response. This prevents oscillation i the
- Channel 2 Preamplifier at the more sensitive gain settings.
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Offset Buffer Amnplifier U710D applies- this *'stored"
offset level to the Channel*2 Preamplifier (via Q710), shift-
ing the back porch of the displayed signal to near the on.
screen ground reference “(as set with the Vertical POSI-
TION control). - s : :

Any time the Phase~Locked'-‘Loop Is not locked (iridicat-

" ing that a proper TV Trigger: signal ‘is riot present), the

Channel 2 Vertical Display Clamp is turned off via R328 by
@ HI TVCLAMP signal from the. PLL Uniock Detector to
prevent sending invalid ‘ offsets to the: ‘Charinel 2
Preamplifier. During the’ tnlocked state of the PLL, FET
Q420 is biased on to pull the input to Offset Buffer
Amptifier U710D te ground; and. FET Q710is biased off via
U710A (acting as an inverter to the TVCLAMP signal) to
open circuit the offset signal line to the Channel 2
Preamplifier,

- LOW-VOLTAGE POWER SUPPLY

The low voltages required by the scope are produced
by a high-efficiency, switching power stpply (dfagram 22).
This type of supply directly rectifies and Stores. charge
from the ac line supply; then the stored charge is switched
through a special transformer at a high rate, generating
the various supply voltages.

AC Power Input -

LINE SWITCHING AND LINE RECTIFIER. Ac line voli-
ages of either 115V or 230 V may provide the primary
power for the instrument, depending on the setting of the
LINE VOLTAGE SELECTOR switch $1000 (located on the
instrument rear panel). POWER Switch S1350 applies the
selected line voltage to the power suppiy rectifier (CR510).

With the selector switch in the 115V position, the
rectifier and storage capacitors C105 and C305 operate as
a ful-wave voltage doubler. When operating in this
configuration, each capacitor is .charged on opposite Kalf
cycles of the ac input, and the voitages across the two
capacitors in series approximates the peak-to-peak values
of the source voltage. For 230V operation, switch 51000
connects the rectifier as a conventional bridge rectifier.
Both capacitors charge on both input-half cycles, and the
voltage across G105 and G305 in serles approximates the
peak value of the rectified source voltage. ' For either
configuration (with proper line voltage), the de voltage sup-
plied to the power supply inverter Is the same.

SURGE PROTECTION. Thermistors RT717 and RT805
limit the surge current when the power supply is first
turned on. As current warms the thermistors, their resist-
ances decrease and have little effect on circuit Operation.



M

Spark-gap electrodes EB0Y2 and ER16 are surge voltage
protectors. If excessive source voltage is applied to the
instrument, the spark-gaps conduct, and the extra current
quickly exceeds the rating of F1000. The fuse then opens
to protect the power supply.

EMI FILTER. A sealed line filter, FL1 000, is packaged
with the line cord connector. It is effective in reducing
noise with frequency components at and beyond 1 MHz. A
differential mode filter is made up of R80D9, C816, R815,
L715, L709, RB808, R713, and C706 and is effective in
reducing switch-mode noise up t0 1 MHz. Resistor R1000
ensures that the capacitors in the line filter become
discharged a short time after removal of the line cord so
as to not present a shock hazard at the line cord connec-
tor. A combination common-mode and differential-mode
filter is made up of T117, R217, R117, C218, €225, and
C328. The line-rectification energy-storage capacitors
(C105 and C305) also aid in the operation of this filter
circuit. Resistors R410 and R401 bleed charge from the
line-rectification capacitors to guarantee that they are
discharged within a definite time after power is removed
{turned off).

THERMAL SWITCH. Thermal Switch 51020 opens if
the temperature of the power supply heatsink becomes
abnormally high. High temperatures may indicate biocked
ventilation holes or failed components. Opening the switch
removes ac-line power from the supply 1o prevent any
further damage from occurring. When the heatsink cools
to its normal limits, the switch recloses. Opening of 51020
immediately shuts off the power supply, and the System
4P does not perform its normal shutdown routine.
Waveforms and front-panei settings are not saved on a
thermal shutdown.

Control Power Supply

The control circuits for the power supply require a
separate power supply circuit to operate. This independent
power source is made up of Q148, 240, 0836, and asso-
ciated components.

Initially, when instrument power is applied, the positive
plate of capacitor C244 is charged toward the value of the
positive rectified-line voltage through R223. The voltage at
the base of Q148 follows at a level determined by the volt-
age divider composed of R436, R244, CR239, R240,
R640, 0836 and the load resistance piaced on the supply.
When the voltage across C244 reaches about +27 V, the
base voltage of Q148 reaches +12.6V and Q148 turns
on, saturating Q240. The +27 V on the emitter of Q240
appears at its collector and establishes the positive voli-
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age supply for the +12 V regulator stage formed by Q836,
VR929, R240, and R640. With Q240 on, R244 is placed in
parallel with R436 and both Q148 and Q240 remain
saturated.

The 427 V level begins to drain down as the +12V
Regulator draws charge from C244. If the main power
supply doesn't start (and thus recharge C244 via T335
and CR245) by the time the voltage across C244 reaches
about <14V, Q240 turns off. With Q240 off, resistor
R244 pulls the base of Q148 low and turns it off also.
(Capacitor C244 would only discharge low enough to turn
off the transistors under a fault condition.) In this event,
C244 would then charge again to +27 V, and the start
sequence would repeat. Normally, the main power con-
verter is delivering adequate power before the +14 V level
is reached, and the current drawn through T335 via Q421
and Q423 induces a current in the secondary winding of
T335 that charges C244 positive via diode CR245. The
turns ratio of T335 sets the secondary voitage to approxi-
mately +17 V and, as long as the supply is being properly
regulated, C244 is charged to that level and held there.

Power Conversion

The pewer converter consists of a buck-type switching
Preregulator, producing width-reguiated voltage pulses
that are filtered to produce a preregulated dc current, and
an Inverter stage that chops this preregulated current into
ac to drive a power transformer. The transformer has out-
put windings that provide multiple unregulated dc voltages
after rectification has taken place. The main Preregulator
components are 0421, Q423, CR426, G328, T335, T620,
and U233. The fundamental Inverter compeonents are
Q521, Q721, T639, and UB29B (see Figure 3-15).

PREREGULATOR. The Preregulator control circuit
monitors the drive voitage reflected from the secondary to
the primary of the Inverter output transformer T639 and
holds it at the level that produces proper supply voltages
at each of the secondary windings.

The Preregulator control circuit consists primarily of
control |C U233, gate drive transformer TB620, and the
associated bias and feedback circuit elements. The voltage
at the primary cenier tap of T639 is attenuated and
applied to the voltage-sense input of control IC U233. This
|C varies the “on time" of a series switch, depending on
whether the sensed voltage Is too high or too low.
Transistors Q421 and Q423 form this “series switch,” and
are each active during alternate switching cycles. The on-
time duty cycle of the series switch is inversely propor-
tional to the rectified line voltage on 328, In normal
operation, the series switch is on about one-half of the
time. When the series switch is off, current 10 T639 is
through CR426.
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PREREGULATOR START-UP. As the supply for the
Preregulator control IC is established, an internal oscillator
begins to run. The oscillator generates a repetitive triangu-
lar wave (as shown in Figure 3-1 6) at a frequency deter-
mined primarily by R228 and 227 (with R227 having a
minor effect since it controls the discharge time of timing
capacitor C227).

As the control power supply turns on, a 50 pA current
source internal to U233 begins to charge capacitor C128
positive. This charging level, applied to one of the negative
inputs of the PWM comparator, aliows drive pulses of
greater and greater duty cycle to be generated. These
pulses drive the series switching transistors (Q421 and
Q423), and their slow progression from narrow to wide
causes the various secondary supplies to gradually build
up to their final operating levels. This slow buildup
prevents a turn-on current surge that would cause the
current-limit circuitry to shut down the supply.

PREREGULATION. Once the initial charging at power-
up is accomplished (as just described), the voltage-sensing
circuitry begins controliing the Inverter switching action.
The voltage level at the primary center tap of T639 is
divided by sense string R146-R144, and the resulting voit-
age is applied to the error amplifier internal to U233 at
pin 1. The +5.1 V reference generated by U233 is applied
to pin 2 of U233, the other input of the error amplifier. If
the sensed level at pin 1 1s lower than the reference level
at pin 2 (as it always is for the first few switching cycles),
the output of the error amplifier is high. This high level is
applied to a negative input of the PWM comparator; the
other negative input is applied from the sofi-start capacitor
(described previously). _

The lower of the two negative input levels determines
the actual negative comparison point of the PWM com-
parator; and this level determines the point at which the
positive-going ramp, applied to the positive input, switches
the PWM comparator to initiate the off state of the PWM
switch. The PWM series switch is turned on at the begin-
ning of each clock cycle; turn-off occurs when the
positive-going ramp ¢rosses the threshold level of the
PWM comparator. The lower the level at the controlling
(negative) input, the shorter the PWM switch "on time.”
Depending on the output level sensed, the duty cycle of
the drive signal changes (sensed level rises or falls with
respect to the triangular waveform applied to the positive
PWM comparator input) to hold the secondary supplies at
their proper levels.

Optoisolator U155 and resistor R143 form a control
network that allows a voltage sensed at the FEEDBACK
input to sfightly alter the voltage-sense reference applied
to pin 1 of U233. The FEEDBACK signal is generated by

Theory of Operation—2440 Service

the +5 V Inverter Feedback amplifier (U189, diagram 23)
and is directly related to the level of the +5VD supply
line. If the FEEDBACK signal goes above its nominai level
(<5 VD is too low), base drive o the shunt transistor (in
optoisolator U155) increases. This increase causes addi-
tional current to be shunted around R144 (via R143 and
phototransistor of U155) and changes the ratic of the
sensing divider. The voltage at the center tap of T63%9
must Increase to balance out the changed sense ratio and
maintain balance in the error ampiifier. Since the output of
the error amplifier controls the current to the primary wind-
ing of the output transformer, and since the error amplifier
sensing depends on a balanced condition, the voltage at
the transformer primary increases.

With a higher current applied to the transformer pri-
mary, higher voltages appear across the secondary wind-
ings of T639 with each cycle. This causes the secondary
voltages to return to their nominal levels. As the +5Vp
line returns to its nominal ievel, base drive to the shunt
transistor stabilizes at a level that keeps the sensed
+5 Vp level in regulation. Should the FEEDBACK signal
level tend too high, opposite control responses occur.
Further information about the FEEDBACK signal is given
in the +5 V Inverter Feedback description.

INVERTER. The Inverter circuit alternately switches
current through each leg of the primary winding of output
transformer T639. The circuit is made up of Q521, Q721,
U840D, UB29R, and associated components.

A clock pulse from U233 is applied to a TTL-CMOS
level shifting buffer (UB40D) at the beginning of every
switching cycle. The level-shifted clock pulse at the output
of UB4D clocks UB29B, a CMOS D-type flip-flop
(configured to toggle with each clock). The Inverter switch
transistors, Q521 and Q721, are alternately turned on and
off by the fiip-flop outputs and are connected to opposite
ends of the primary winding of the output transformer.

"Driving the inverter switches in alternate fashion produces

ac ourrents in the secondary windings of the output
transformer that are rectified, providing the various unreg-
ulated dc supply voltages. '

Primary Fault Sensing

Primary current, primary regulated voltage, and primary
unregulated voltage are monitored by circuitry to prevent
catastrophic failure. Should conditions arise that cause an
excessive primary current or an excessive primary regu-
lated voltage, limiting occurs. The excessive primary
current and .primary regulated voltage functions share
much common circuitry, while the low unregulated primary
voltage circuitry is entirely independent of the first two
fault-sensing circuits.
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Figure 3-16. PWM switching waveforms.
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PRIMARY OVER-CURRENT SENSING. The primary
current of T63¢ through R727 produces a voltage signal
that is fitered by R728 and C728 to remove high-
frequency switching spikes. The filtered signal is applied to
the inverting input of U840C. The noninverting input of the
comparator is set at a level defined by the +5.1V refer-
ence from U233 and voltage divider RO30-RB36. If an
excessive-current condition exists (to the point that the
inverting input of U840C goes more positive than the
noninverting input), the comparator output goes low. The
open-collector output of the comparator is “wire-ORed"
with the open-collector output of the reguiated primary
over-voltage comparator (UB40B) and drives UB40A,
connected as an inverting buffer. Buffer UB40A drives the
clock input of a CMOS flip-flop in U829, configured as a
monostable flip-flop, used to shut down supply operation.

PRIMARY OVER-VOLTAGE SENSING. The regulated
primary voltage is sensed by the voltage divider R129-
R128, with C528 providing low-pass filtering to remove
high-frequency switching spikes. The attenuated signal is
applied to ccmparator UB40B at the inverting input, while
the noninverting input is connected to the +5.1V refer-
ence from U233. Should the regulated primary voltage
become high enough to raise the inverting input of the
comparator more positive than the noninverting input, the
comparator output goes t¢ a low level. As previously
stated, the output of this comparator is wire-ORed to the
output of UB40C and drives an inverting clock buffer
UB40A. This buffer in turn drives the clock input of the
monostable flip-flop circuit used to shut down supply
operation. '

SHUTDOWN TIMER. The Shutdown Timer ensures that
the preregulator series switch remains off long enough for
energy Stored in G128 (the soft-start capacitor} and C244
{the Control Power Supply energy-storage capacitor) to
drain down via normal circuit loading should an over-
current or over-voltage fault occur. Shutdown of the seties
switch- (@421 and Q423) occurs when the S/ (shutdown)
input (pin 10) of U233 goes high. The Shutdown Timer,
made up of UB29A, R824, C829, R932, CR730, and
CRB824, controls this input. :

Prior to being clocked, UB29A {configured as & mono-
stable flip-flop) is in a reset state with its Q output set low,
This is the normal operating mode and allows the series
switch to be controlled by the regulating functions of
U233. Capacitor C829 charges to the Control Power Sup-
piy voltage via R824 and CR824 (diode CR824 shunts
R932 when charging CB28 to provide a relatively fast
charging path). When the flip-flop is clocked (indicating a
fault-sense from the valtage- or current-sense circuits), the
Q output goes high and C829 begins to discharge. With G
high, CRB24 becomes reverse biased so that discharge of
Cc829 is through R932, providing a relatively slow
discharge compared to the charging time. This ensures
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that the Q output of UB29A is held high long enough for
soft-stari capacitor C128 and Control Power Supply
capacitor C244 to fully discharge.

The high Q output of UB29A, connected to the
shutdown input to U233, turns off the PWM switch (Q421
and Q423) immediately and keeps it off until Q returns low
{when the Contrcl Power Supply decays and turns U829
off). However, the PWM clock continues to run and the
Inverter switches (521 and Q721) continue to operate.
Since the PWM switch is not operating, energy is not
transferred to the Control Power Supply via T335, and
G244 discharges below the minimum voltage level required
by the Control Power Supply gircuit {through the normal
circult load). When this minimum level is reached, the Con-
trol Power Supply regulator disconnects from C244, inter-
rupting the power 1o the control circuitry and stopping the
Inverter switches.

Monostable LB29A is designed to remain active long
enough for the Control Power supply to decay and discon-
nect. The disconnect level Is approximately half of the
Control Power Supply voltage and, once disconnected,
supply voltage is reestablished in 0.5 to 2 seconds. The
time it takes C244 to charge from the “disconnect thres-
hold" to the Control Power Supply “turn-on threshold™ is
the dominate factor in determining the power supply res-
tarting time when recovering from an over-current or over-
voltage fault condition.

Capacitor C829 is once again charged through R824
and CR824 with a relatively short tirme constant, allowing
UB29A to be triggered again (if the fault persists) by the
time the Control Power Supply restarts.

LINE UP. The Line Up circuit, composed of U834B,
U265, and associated components, senses the level of the
rectified line voltage and relays its status through the
PWRUP circuit to the System uP. The signal fram voltage
divider R325-R835 is low-pass filtered by C835 and is
applied to the inverting input of comparator UB34B. The
noninverting input of the comparator is referenced to the
+5.1 V reference from U233. The output of the compara-
tor drives the light-emitting diode of optoisolator U265, so
whenever the rectified line-input voltage is below the nor-
mal operating level (approximately +178 V), the light-
emitting diode (LED) is off. Wwith the LED off, the output
phototransistor of U265 is biased off.

At instrument turn-on, after the rectified fine voltage
comes up, the control power supply begins supplying
power to the control circuitry. At that time, the output of
comparator U834 goes LO at pin 7 to turn on the LED in
optoisolator U265. This action biases on the output
transistor of the optoisolator and switches the LINE UP
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signal HI. Through the PWRUP signal circuitry, a HI LINE
UP signal tells the System P that ample line voltage is
available for normal instrument operation.

~ When instrument power is tumed off, the rectifisd line
voltage begins dropping. At “about 178 V, comparator
U834 switches off the LED in U264, and the LINE UP sig-

_nal goes LO. A LO output tells the System P that power -

is -dropping, and the uP begins shutting the instrumant
down'in an orderly fashion before the secondary voltages
go out of regulation. ' '

Line Trigger
The Line Trigger circuit, made up of T415, U1 70A, and

the associated components, provides a representation of -
the input line signal to the Trigger stage that is isolated.

“frofi thé power-line environment,

Since resistors R516 and R518 are large compared to
the impedance of the primary - winding in T415, the
transformier opeérates in a current-driven mode. The sec-
ondary winding of T415 is connected to a transresistance

- amplifier stage’ consisting of U170A, C483, and R483. This
amplifier presents a’very. low impedance to the output”of
the transformer and maintains the integrity of the line volt-
age signal representation. Capacitor G483 provides a
negative-feedback path to high frequencies (relative to
60 Hz) and reduces noise on the line-frequency signal. The
output of the transresistance ampilifier drives the oscilio-
scope trigger circuitry.

Rectifiers

The Rectifiers convert the atternating currents from the
secendary- windings of the Inverter otitput transformer to
the various unregulated de voltages required by the instru-
ment. Rectification is done by conventional diode rectifier
circuits, and filtering is dane by conventional LC networks.

LOW-VOLTAGE REGULATORS

The Low-Voltage Regulators’ {diagram 23) remove ac
voltage noise and ripple from the various unregulated dc
supply voltages. Each regilator output is automatically
current limited if the output current exceeds the require-
ments of a normally functioning instrument. This limiting
prevents any further component damage. :

+10 V and —5 V References

Each of the power supply regulators controls its ijespec;
- tive output by comparing the output voltage to a known
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reference level. In order to maintairt a stable supply volt-
age, the reference voltage must itself bé highly stable, The
circuit composed. of U180, U170B, U900, and associated
components produces the two réference levels used by the
reguiator circuits. - S e

Resistor R556 and capacitor C664 form an RC filter
network that smooths the unregulated +15V, supply
before it is appiied to voltage-reference iC U180, The +10
volt output from pin 6.of U180 feeds a low-pass filter com-
posed of R900 and C900. The autput of this fiter in turn
feeds unity-gain buffer amplifier U900, the output of which
is the source of the +10 V reference used by the various
positive regulators. Low-pass filter R900-CI00 provides
filtering for the IC voltage reference and provides for a
well-defined voltage rise of the +10 Vger voltage at
power-up.

Operational amplifier. U1708 and its associated com-
ponents make up a —5V Reference circuit used as the
reference for the hegative regulators, It is configured as an
inverting amplifier with a gain of 1/2 and converts the
+10 Vger input to a precision ~5 Vgee output.

+15 V Regulator

The +15V Regulator uses three-terminal regulator
U579 and operational amplifier U570A (arranged as the
voltage sensor) to achieve regulation of the +15 v sup-
ply). The three-terminal regulator holds its output voltage
on pin 2 at 1.25 V more -positive than the reference input
level applied to pin 1. .The voltage at the reference pin is
established by current in diode GR575 and is controlled by
voltage sensor U570A.

Resistors R576 and R575 at the regulator output divide
the 415 V level down for comparison to the +10 V refer-
ence applied to pin 3 of operational amplifier US70A. At
initial power up, when the input voitage at pin 2 {from the
divider} is lower than the +10 V reference, the output of

- amplifier U570A is high, and the output voltage is allowed

to rise. As the regulator output reaches +15V, the
amplifier begins sinking current away from the reference
pin of the three-terminal regulator via diode CR575. This
sets the voltage on the reference pin at its nominal level
and holds the output at 15 volts. ' )

Current limiting for the +15 V supply is provided by the
internal circuitry of the three-terminal regulator. Diodes
CR576 and CR583 protect U570A from transient voitage
reversals. '



+8 V Regulator

The +8 V Regulator is composed of Q465, Q479,
U470A, U470B, and the associated components. The cir-
cuit regulates the voltage and limits the supply current.

Initially, as power is applied, the voitage at pin 6 of
U470B via R476 is lower than the +8V reference level
applied to pin 5 via divider R465 and R466. The output of
U470B is farced HI, reverse biasing diode CR486. With
CR466 (and CR485) off, all the current through R565 is
supplied as base current to Q465, turning it on. This turns
on the pass transistor Q478 at maximum current. This
current charges up the various loads on the supply line
and the output level moves positive.

As the regulator output rises toward +8V, this
positive-going voltage Is applied to the inverting input of
U470B through R476. When the output voliage reaches
+8V, the inverting input equals the reference at the
noninverting input set by R465 and R466. Then, the out-
put at pin7 of U470B goes negative, forward biasing
diode CR466 and shunting base-drive current away from
Q465. This reduces the currents through Q465 and Q479
to levels that maintain a +8 V output. Since base drive
source for Q465 is the +15V supply, via R565, proper
relative polarity between the iwo supplies is assured
{preventing component damage in case of a failure on the

+15 V supply line).

The over-current limiting circuit is of foldback design

and is performed by operational amplifier U470A and its -

associated components. Under normal current demand
conditions, the output of U470A is Hi, keeping diode
CR465 reverse biased. If the regulator output current
exceeds approximately 1.3 A (as it might if a component
fails), the voltage drop across R473 {added onto the +8 V
output voltage) causes the inverting input of U470A to
exceed the +B V level at the noninverting input, and the
output at pin 1 wil go LO. This forward biases diode
CR465 and reduces the forward bias on Q465 and thereby
decreases the bias current to Q479. This in turn reduces
the regulator output current through Q479 to decrease the
output voltage. As the output voltage drops (applied to
U470A pin 3}, the output current required to cause limiting
also decreases, causing both voltage and current to drop
1o low values as Q465 becomes biased off.

Pin 2 of U470A is pulled down through R477 to the
—8 V, supply so that the output of the foldback circuit
becomes immediateiy HI at power-on. This initial. HI holds
CR465 piased off thereby preventing a false overcurrent
sense and subseguent latchup at start-up as the +8V
regulated output seen on pin 3 of U470A rises from zero
volts to its normal operating level.
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+5 V Regulator

Regulation of the +5 V supply is provided by a circuit
similar to that of the 4B V Regulator. As long as the rela-
tive polarity between the +8 V supply and the +5 V sup-
ply is maintained, base drive 10 Q870 is supplied through
RB64. The current through QB70 provides base drive for
the series-pass transistor (878.

When voltage-sense amplifier UB70B detects that the
+5 V remote-sense voltage has reached +5V, it begins
shunting base-drive current away from QB70 via diode
CRB66 and holds the output voltage constant.

Current limiting for the +5 V supply is done by UB70A
and associated components. Under normal current
demand conditions, the output of UB70A is high and diode
CRS865 is reverse biased. However, should the current
through current-sense resistor R873 reach approximately
3 amperes, the voltage developed across RB73 (added to
the regulated +5 V output) raises the voltage at pin 2 of
UBT0A (via divider R876 and RB75) to a level equal to that
at pin 3. This causes the output of UB70A to go low, for-
ward biasing CR865. Base drive current is then shunted
away from QB70, and the output current in QB79 is
reduced. Resistor RB74 allows the supply to maintain
regulation with the remote-sense line disconnected. Resis-
tors RBB5 and R886 provide enough initial current to the
load to prevent an excessive-current latchup of U470A as
the power comes up. .

—15 V Regulator

Operation of the —15 V Regulator, composed of U679,
U570B and their associated components, is similar to that
of the 415V Regulator atready described. The regulator
is referenced to -5V to allow sensing of the negative
output level. Zener diode VR870 allows operational
amplifier US70B to operate in its active region. Capacitor
G873 is a speed-up capacitor that allows the regulator to
respond more quickly to current surges and other tran-
sients and provides filtering of zener noise produced
by VR870.

—B V Regulator

Operation of the —8V regulator is nearly identical to
that of the +8 V Regulator, except that it is referenced to
_5V to aliow sensing of negative voltages. Zener diode
VR380 allows operational amplifiers U270A and U270B to
operate in their linear regions.

The —B8 V Sense input provides for remote sensing of
the supply jevel on the Main board where regulation 15 the
most critical. Since the —8 V level is remotely sensed, the
IR drop caused by the impedance in the supply bus lines
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going to the main board and a smali series fesistor in the

line (R121.on the Main board) causes the actual output-

level from the supply regulator to be closer to —8.4 V.
(This is the voltage actually required by some of the -8V
load circuits.) Resistor R388 allows the supply to maintain
regulation . with the remote sense line disconnected:
Current limiting of the combined —8 Vand —-8.3 vV sup-
plies ocours at about 3 amperes.

—5 .V Regulator
Operation of the —5 V Regulator is similar to that of

the +5 V Regulator. Current limiting of the —5 V supply

occurs at about 3.1 amperes.

+5 V Inverter Feedback
Operational amplifier L1189 and associated components
are configured as a frequency-compensated voltage-
sensing network. The circuit - monitors the +5 V digital
power supply line from the rectifiers arid provides feedback
to the Preregulator Control 16 (U233} via optoisolator
- U155 (both on diagram 22). The feedback is- used -to-trim
the +5Vp 'level by controlling the Preregulator. The
FEEDBACK signal slightly variés the voltage to the
Inverter output transformer and holds the output of the
5 V secondary windings at an optimum level. Qutput levels
of the other secondary windings are related by turns ratio
to the +5 Vg level and are also held at their optimum lev-
els. This technique minimizes power losses in the. series-
pass transistors and increases regulator reliability.

Power-Up o |

The Power-Up circuit, composed of U188A, Q295 and
the associated components, provides buffering and lsvel
shifting. of the LINE UP signal to the System Processor.
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Operational amplifier U189A is configured as-a. com-
parator referenced 10 +10 Vg . ‘When adequate power-
fine input voltage Is available, the LINE UP signat will be
HI. The output of the comparator will be LO, turning off
transistor Q295. This results in a Hi PWRUP signal to the
System P, indicating that the power supplies are stable..
When adequate. power-line voltage is not available, .the
LINE UP signal from the Preregulator cireuit goes LO, the
output level of U189A goes H! and turns Q295 on, result-
ing in aLO PWRUP signal to the System uP. This indi-
cates that the various supply voitages may go out of regu-

- lation’in about 10 ms. .

Capacitor G195 provides a negative-feedback path for
high-frequency signals and stabilizes operation of U189A.

“DC-OK'Sese™

The output of the DC-OK Sense circuit is checked by
the System Processor after it recéives the PWR UP signal
to verify that power supply voltages are within tolerance.

By itself, the resistive summing network made up of
R794, R?QS_,_RTB?;? R&86, REBE and R796 would produce
a voltage near zerd voits if all supplies were within toler-
ance. This voltage may vary +0.19 V, depending on slight
variations in the individual supply ' output levels. The
current in resistor R396 is, howaver, added into the sum-
ming node and shifts its operating point approximately
0.19 V positive.

The resulting voltage is compared to ground by com-
parator UB85B and to +0.37.V by comparator U395A,
establishing the tolerance window. “Both - open-collector
outputs of the comparator are off, and'the DCOK signal is
HI, as lohg as the summing-node voltage falls within this
window. Should the summing-node voltage exceed either
limit, " the associated comparator turns on its -output
transistor and pulls the DCOK signal LO, indicating that at

least one of the pawer supplies is not operating property.



