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SAFETY SUMMARY

This manual contains safety information which the user must follow to ensure safe operation of this instrument. WARNING
information is intended to protect the operator; CAUTION information is intended to protec: the instrument. The following
are general safety precautions that must be observed during all phases of operation and maintenance.

| WARNING

Ground the Instrument

To reduce electrical-shock hazard, the mainframe (oscilloscope) chassis must be properly grounded. Refer to the mainframe
manual for grounding information.

Do Not Operate in Explosive Atmosphere

Do not operate this instrument in an area where flammable gases or fumes are present. Such operation could cause an
explosion.

Avoid Live Circuits

Electrical-shock hazards are present in this instrument. The protective instrument covers must not be removed by operating
personnel. Component replacement and internal adjustments must be referred to qualified service personnel.

Do Not Service or Adjust Alone

Do not service or make internal adjustments to this instrument unless another person, capable of giving first aid and resusci-
tation, is present.

[WA RNING

Warning Statements
Warning statements accompany potentially dangerous procedures in this manual. The following warnings appear in this
manual and are listed here for additional emphasis.

To avoid electrical shock, disconnect the instrument from the power source before soldering.

To avoid electrical shock, disconnect the instrument from the power source before replacing components.
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PREFACE

This manual contains two main divisions: operation and service.
These divisions are separated by a heavy divider page. Information
following this divider sheet is intended for qualified service personnel
only.

The first division (operator's portion) begins with an introductory
section that briefly describes the TBQOP Programmable Time Base.
Specifications and programmable features of the plug-in are also listed.
Section 2 describes each of the front-panel controls and connectors, and
gives complete instructions for manual operation of the plug-in.
Measuring techniques and applications are also discussed in Section 2.
The last section of the operator's portion describes programmable
operation of the TB9OP via the IEEE U488 Interface Bus, also known as the
General Purpose Interface Bus (GPIB).¥ A complete list of device
mnemonics is provided in this section.

The second division of the manual (service portion) begins with a
section on preventive and corrective maintenance. Included in this
section are some general troubleshooting procedures. Section 5 then
provides a detailed circuit description of both the analog and digital
portions of the 7B90P. Section 6 is a calibration procedure; it lists the
equipment needed, and the steps required, for calibrating the instrument
within specified limits. The remaining three sections provide electrical
parts lists, schematic diagrams, and mechanical parts lists.

At the back of the manual is a removable sheet which serves as a
pocket programming aid. It lists all of the high-level mnemonic codes and
low-level hexadecimal codes for exercising programmable control of the
TBY0OP Programmable Time Base.

*¥Detailed information on the IEEE 488 bus is provided in IEEE Standard

488-1975, published by the Institute of Electrical & Electronics
Engineers--345 E. Y47 Street, New York, NY 10017.

ix
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SECTION 1

INTRODUCTION

The TEKTRONIX 7B90P Programmable Time Base provides calibrated sweep
rates for TEKTRONIX 7000-Series programmable mainframes. The TBY90P may be
inserted in any 7000-Series mainframe without damage, but is recommended
for use only in a programmable mainframe.

The 7BY0P has calibrated sweep rates ranging from 500 picoseconds/
division to 500 milliseconds/division. Other operating features that can
be selected are: normal or automatic triggering, high or low frequency
roll-off (attenuation) of the triggering signal, variable trigger hold-
off, internal or external triggering, 1X or 10X sweep magnification, and
repetitive or single-sweep mode.

The 7TB90P has readout encoding capability. Thus, horizontal scale
factors can be displayed on a programmable mainframe having readout
display capability.

All functions of the 7B90P can be remotely programmed except for the
Sweep Calibration (SWP CAL) adjustment and the External Trigger Input
Termination (TERM) switch. The status of each programmable function can
be set or read by commands sent over the IEEE 488 bus. These commands can
be sent in either a high-level or low-level language, %oth of which are
decoded by a microprocessor in the 7B90P.

Specifications

The following tables describe the electrical, programming,
environmental, and physical specifications of the TB90P. Characteristics
whose specifications are checked in the calibration procedure are listed
under a column entitled PERFORMANCE REQUIREMENTS. Specifications for all
other characteristics are listed under SUPPLEMENTAL INFORMATION.
Information in the SUPPLEMENTAL INFORMATION column is of a general nature
and should not be considered as performance requirements. In cases where
a particular plug-in specification is mainframe dependent, a note has
been included referencing the manual for the mainframe.

1-1
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TABLE 1-1

ELECTRICAL SPECIFICATIONS

Sweep Generator

CHARACTERISTICS PERFORMANCE REQUIREMENTS SUPPLEMENTAL
Sweep Speeds 500 ms/div to 10 ns/div, 24 See mainframe-
calibrated steps in 2 1-2-5 mznual specifi-
seguence. Magnifier switch cations for
extends fastest sweep speed usable ranges.

to 500 ps/div. Fastest sweep
speed can not be faster than
that of the mainframe.

Sweep Accuracy (in Following measurements are See mainframe-

7000-Series program- made with SWP CAL adjusted manual specifi-

mable mainframe) at 1 ms/div within temper- cations for
ature range of +20 to +30°C usable ranges.

to a timing reference of
0.25% or better.

Over Center 8 +15 to +35°C 0 to +50°C
Divisions Unmag, Mag Unmag Mag
500 ms/div to 100 2.0% 3.0% || 3.0% 4,0%
ns/div
50 ns/div to 10 3.0% 4.0% 4.0% 5.0%
ns/div
500 ps/div —_—— 5.0% || ===~ 6.0%

Execluded Part of Sweep

Start of Sweep First 10 nanoseconds in 79C0-
Series programmable mainframe.

End of Sweep Beyond 10th division,
unmagnified.
Beyond 100th division, &
magnified.

1-2 REV A JUL 1979
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TABLE 1-1 (cont.)

CHARACTERISTICS PERFORMANCE REQUIREMENTS SUPPLEMENTAL
Sweep Length At least 10.2 divisions
(unmagnified) at all sweep speeds. :

Position Range i
(at 1 ms/div) '

Programmed POS @ Sweep starts 5
(high-level mnemonic) divisions to left
or POSITION control of graticule center
at midrange. |+1.0 divisions.
Programmed POS 6.4 Sweep starts 1.4

or POSITION control divisions to right
fully clockwise. of graticule center

+1.0 divisions.

Programmed POS =-6.39 Sweep starts 11.39

or POSITION control divisions to left
fully counterclock- of graticule center
wise. +1.0 divisions.
Programmed Step Size 0.0125 div (80 steps/

div) unmagnified;
0.125 div (8 steps/
div) magnified.

Trigger Hold-off Time Min (ccw) | Max (cw) |When operated in

500 ps/div to 2 us/div <3.5 us >90 us 7912AD, Hold-off is

5 us/div to 20 us/div <£3.5 us 2900 us disabled at some

50 ps/div to 200 ps/div <350 us 29.0 ms sweep speeds.

500 ps/div to 2 ms/div £3.5 ms 290 ms

5 ms/div to 500 ms/div <35 ms 2900 ms

Programmed Range Min. = programmed HOL {
Max. = programmed HOL 63

Programmed Resolution 62 steps between min.
and max.

REV A JUL 1979 1=3
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TABLE 1-1 (cont.)

Triggering

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

SUPPLEMENTAL

Triggering Sensitivity
(from repetitive signal)

PP AUTO Mode
(AC or DC coupling)

Triggering Min. Triggering
Freq. Range || S8ignal Required
Int. Ext.
200 Hz to 0.5 div| 125 mV
50 MHz

50 MHz to 1.5 div | 375 oV
400 MHz

External signals are
increased 10 times
for EXT+10 operation.

at least 2.0 div | 500 mV
50 Hz
NORM or SGL SWP Mode
AC coupling 30 Hz to 0.3 div | 100 mV
50 MHz
50 MHz to 1.5 div| 250 mv
400 MHz
AC LF REJ coupling 20 kHz to 0.3 div | 100 mV Does not trigger on

50 MHz sine wave at or below
50 MHz to 1.5 div| 250 mV | 60 Hz with amplitudes
400 MHz less than 8 divisions
INT or 3 V EXT.
AC HF REJ coupling 30 Hz to 0.3 div | 100 mV Does not trigger on
50 KHz 50 MHz sine wave
with amplitude 1.5
divisions or less INT
or 0.15 V or less EXT.
DC coupling DC to 0.3 div | 100 mV
50 MHz
50 MHz to 1.5 div | 250 mV
400 MHz

REV A JUL 1979
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TABLE 1-1 (cont.)

CHARACTERISTICS

PERFORMANCE REQUIREMENTS

SUPPLEMENTAL

LEVEL Range

PP AUTO mode

Amplitude trigger point refer-
enced to a 5 division, 1 kHz
sine-wave display.

LEVEL#* SLOPE Start of Trace

Fully - (ccw) + 0.65 to 1.2 div from bottom.

Fully + (cw) + 0.3 to 0.7 div from top.

Fully - (ccw) = 0.3 to 0.7 div from bottom.

Fully + (cw) - 0.65 to 1.2 div from top.
NORM or SGL SWP mode

INT source:

Fully - (ccw)¥*

Triggers 6.4 divisions

below trigger signal
mean (AC), or center
screen (DC).

Fully + (cw)* Triggers 6.35 divisions
above trigger signal
mean (AC), or center
screen (DC).

EXT Source:
EXT at least +3.0 volts
EXT %10 At least +30 volts o B
Minimum Required Duration || Amplitude

Trigger Pulse as INT E
(NORM or SGL SWP Displayed
modes for 7900-Series [ 1ns 0.5 div | 0.5
programmable mainframe) 0.5 ns - 150

* cow
cw

REV A, SEP 1980
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TABLE 1-1 (cont.)

CHARACTERISTICS PERFORMANCE REQUIREMENTS SUPPLEMENTAL
Internal Trigger 0.1 nancsecond or less at
Jitter 400 MHz.

External Trigger
Input

Maximum Input Voltage

1 megohm 250 volts DC plus
peak AC.
50 ohms 1 watt

Input R and C
1 megohm 1 megohm in parallel wit

20 picofarads +10%.

50 ohms 50 ohms +5%
VSWR with 50 ohm 1.22 maximum at
termination 400 MHz.

1-6 REV A, SEP 1980
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TABLE 1-2

PROGRAMMING SPECIFICATIONS

PERFORMANCE REQUIREMENTS

SUPPLEMENTAL

CHARACTERISTICS

Set—up Time (Full
front panel)

Front-panel set-up
time is:

(decode time)+(byte
count)X(time/byte)
+(overhead) .

High-level Decode time = 14 ms
Byte count = 75
Overhead = 0.4 ms

Low-level Decode time ® 1.5 ms
Byte count = 15
Overhead = 0.1 ms

TABLE 1-3

ENVIRONMENTAL SPECIFICATIONS

For temperature, altitude, vibration, shock, and humidity specifications,
refer to the manual for the associated mainframe.

TABLE 1-%

PHYSTICAL SPECIFICATIONS

Weight

1.2 Kg. (2.6 1bs.)

Dimensions

Fits 7000-Series mainframe plug-in compartment.

REV A, SEP 1980
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Summary of Programmable Features

The TEKTRONIX 7B90P Programmable Time Base can be operated in either
Local or Remote mode. In Local mode, it operates like a non-programmable
plug-in, such as the TEKTRONIX 7B80. That is, its functions are controllable
only from the front panel.

When the TBQOP is set to Remote mode, however, the front panel is
rendered inoperative except for two non-programmable functions; the Sweep
Calibration adjustment (SWP CAL) and the External Trigger Input Terminator
switeh (TERM). Under remote control, functions can be controlled only by
commands sent over the IEEE 488 bus. However, as control settings are
effected remotely, the front panel lights will indicate accordingly.

The Remote/Local state of the TB90P is slaved to the Remote/Local
state of the mainframe in which it is installed. Thus the mainframe must
be set to Remote mode for programmed control of the plug-in, and must be
set to Local mode for front-panel control of the plug-in.

Front-Panel Buttons

Each pushbutton on the TB90P front panel (except TERM) serves as both
a switch and an indicator. A Light Emitting Diode (LED) mounted behind
each button indicates the present state of the function controlled by that
button, regardless of whether the corresponding function was set manually
or under program control. The switches themselves are a momentary-contact
type; it is only necessary to tap a particular button to set that function.

The operation of the front-panel buttons generally falls into one of
two categories. The first category includes the +SLOPE and MAG buttons.
Since there are just two settings for each of these funtions, buttons in
this category are essentially toggle switches. The lighting of each button
indicates the current state of the function controlled by that button. For
example, repeatedly pressing the MAG button alternately illuminates and
extinguishes the MAG button. When MAG is 1it, the sweep is magnified; when
MAG is not 1it, the sweep is not magnified. (Incidentally, pressing the
MAG button causes the sweep speed to change and this is indicated by the
TIME/DIV buttons; thus the TIME/DIV buttons indicate the correct sweep
speed, regardless of the setting of the MAG button.)

1-8 REV A JUL 1979
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The second category of buttons includes the following functions:

TRIGGERING-MODE (PP AUTO, NORM, or SGL SWP/RESET)
TRIGGERING-COUPLING (AC, AC LF REJ, AC HF REJ, or DC)
TRIGGERING-SOURCE (INT, LIN, EXT, or EXT+10)

TIME/DIV (1,2,5,10,20,50,100,200, or 500; and ms, us, ns, or ps)

Since there are more than two switch settings for each of these functions,
pushbuttons in this category are part of a ganged-switch arrangement.
Pressing a particular button cancels the setting of the previously pressed
button and selects the new setting. For example, if EXT (Triggering Source)
has been pressed or remotely set as indicated by the lighting of the EXT
button, pressing INT will extinguish the EXT light and switch the triggering
source to internal; the INT button will then be 1lit to indicate the new
setting.

Front-Panel Controls

There are three TBY9OP front-panel rotary controls: POSTION, HOLD OFF,
and LEVEL (TRIGGERING). Each of these is fully programmable. When the T7B90P
is in Local mode, these controls operate as though they were part of a
non-programmable plug-in. That is, the trace position, hold-off period,
and triggering level are controlled by the current position of each
respective knob. When the 7B90P is set to Remote mode, however, each control
is disabled and the corresponding functions are now set by commands which
set a Digital-to-Analog Converter (DAC). There is one DAC for each of the
three controls. Since the 7BY90P front panel is disablec during remote
operation, the current knob settings may not accurately reflect the true
trace position, hold-off period, and triggering level. However, when the
TBO0P is again set to Local mode, the trace position, hold-off period, and
triggering level will again revert to the settings currently indicated by
their respective knobs.

Table 1-5 provides a list of all the 7B90P functicns and indicates
which functions can be set or read (queried) under manual and remote
operation. Setting a function manually refers to pressing a given button
or turning a control; reading a function manually refers to looking at the
illumination of a particular button or noting the position of a control.
Setting and reading functions under remote control refers to setting a
function or interrogating the status of a function by sending and receiving
messages over the IEEE 488 bus. Information on how this is done is contained
in Section 3.

REV A JUL 1979 1-9
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For more information on each of the functions and how they are used,

refer to Section 2.

TABLE 1-5

LIST OF 7B90P FUBCTIONS

FUNCTION MANUAL OPERATION REMOTE OPERATION
SET READ SET READ

TRIGGERING

MODE X X X X

COUPLING X X X X

SOURCE X X X X

SLOPE X X X X
LEVEL Control X X X X
POSITION Control X X X X
TIME/DIV X X X X
MAGnified Sweep X X X X
HOLD OFF Control X X X X
SWP CAL Adjustment X
TERMination (input) X X
Plug-in type! X X
Trigger Light X X
End-of'-Sweep SRQ Enable X X
Single Sweep Ready Light X X

NOTE

An "X" in the above chart denotes that a
particular function can be set or read.

T The plug-in type (7B90P) is inscribed on the front panel and can be
read under program control with the ID command.

1-10 REV A JUL 1979
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Block Diagram

The following is a simplified block diagram of the 7B9OP (Fig. 1-1)
and a brief description of the blocks. It is included here to provide
vackground information for the sections that follow.

The trigger generator provides a stable display by starting the
sweep generator at a controlled point for each sweep. The trigger signal
is taken from the internal or line trigger signals from the mainframe or
the EXT TRIG IN connector on the front panel. The sweep logic sets up the
control signals for PP AUTO (Peak-to-Peak AUTOmatic), NORM (NORMal) or
SGL SWP (SinGLe SWeeP) modes. This circuit also generates the hold-off
timing for the sweep generator. The sweep generator provides a precise
ramp voltage for the sweep outputs. The sweep time is variable in
calibrated steps from 500 picoseconds to 500 milliseconds per division.
When TIME/DIV is set for 100 ms or slower, the sweep generator asserts a
mainframe control line that limits the intensity to protect the CRT from
burns due to high intensity at slow sweep speeds. The horizontal preamp
provides differential sweep signals to the mainframe and adds DC current
for sweep positioning. If the MAGnifier is selected, the gain of the
horizontal preamp is increased to magnify the sweep.

The 7TB90OP sweep speed, triggering, front panel LED's, and IEEE 488
circuit are controlled by a microprocessor system in the plug-in. The
heart of this system is a Motorola M6800 Microprocessing Unit (MPU). A
control program, resident in 4K (1K=1024) bytes of Read Only Memory (ROM)
directs the MPU activity. The MPU also uses 128 bytes of Random Access
Memory (RAM) as a "scratch pad".

Five Peripheral Interface Adapters (PIA's) handle internal
communication between the MPU and other circuits in the plug-in. The IEEE
488 interface handles the handshaking and communication on the IEEE 488
bus. The clock circuit generates the 2-phase clock signals required by
the MPU. When power-up occurs, the power-up circuit initializes the MPU
and PIA's, and starts the clock circuit.

A detailed circuit description of these blocks is included in
Section 5.

1-11
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TRIGGER INPUTS
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2309-10

Fig. 1-1. Block diagram of the TB90P.
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SECTIOR 2
MANUAL OPERATION

This section contains a description of the 7B90P controls, connector,
and indicators, and includes instructions for manual (non-programmable)
operation of the plug-in. This is followed by a "functional check"
section which provides a quick verification of instrument performance.
Also included are instructions for installing the plug-in, general
information on triggering, and other subjects that pertain to various
measurement applications.

Installation

The 7TB90P is calibrated and ready for use as received. It may be
installed in any compartment of a TEKTRONIX 7000-Series programmable
mainframe, but is intended primarily for use in a horizontal plug-in
compartment. The 7TB90P may also be installed in a vertical plug-in
compartment to provide a vertical sweep on the CRT. However, when used
in this manner, there are no internal triggering or retrace blanking
provisions, and the unit may not meet the specifications given in
Section 1.

NOTE

Always turn off the mainframe power
before installing or removing plug-ins
to prevent damage to circuitry.

To install the plug-in, align the upper and lower rails of the TB9OP
with the mainframe tracks and insert the plug-in. The front panel will be
flush with the front of the mainframe when the plug-in is fully inserted,
and the latch at the bottom left corner will be in place against the
front panel.

To remove the TB90OP, pull on the latch (inscribed with the
identification "7B90P") and the plug-in will unlatch. Continue pulling on
the latch to slide the TB90P out of the mainframe.
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Controls, Connector, and Indicators

(1) LEVEL Control

Selects a point on the trigger signal where triggeriag occurs. When
the LEVEL is set in the positive region, triggering occurs on the positive
excursion (top half) of the signal; when the LEVEL is set in the negative

region, triggering occurs on the negative excursion (bottom half) of the
signal.

(2) SLOPE Switch

Determines whether the sweep is triggered on the negative slope or
positive slope of the trigger signal. When 1it, the trigger switch is set
for a positive slope; when unlit, it is set for a negative slope.

(:)TBIG'D Indicator

Illuminates when the sweep is triggered.

(4)READY Indicator

Illuminates when the sweep circuit is armed, and is extinguished when
the sweep is completed. (Applies only to single-sweep mode.)

(:)TRIGGBRIIG-HODE Pushbuttons

These three buttons select the triggering mode of the TEB90P according
to which button was last pressed:

PP AUTO: Provides a triggered display at any settingz of the LEVEL
control whenever an adequate trigger signal is applied. The range of the
LEVEL control in the Peak-to-Peak Automatic mode is between approximately
10% and 90% of the peak-to-peak amplitude of the trigger signal.

NORM: Provides normal triggering. That is, the sweep is triggered

only if a point on the triggering signal corresponds to the conditions set
by the LEVEL and SLOPE controls.
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Fig. 2-1. Front panel of the 7TB90P.
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SGL-SWP/RESET: Sets the 7B90P to single-sweep mode and resets (arms)
the sweep. A single sweep will occur when a point on the trigger signal
corresponds to the conditions set by the LEVEL and SLOPE controls. Pressing
this button a second time rearms the sweep.

(:)TRIGGEHIHG—COUPLING Pushbuttons

These four buttons select the trigger coupling mode according to which
button was last pressed:

AC: Selects AC coupling of the triggering signal, thereby blocking
any direct-current component of the signal.

AC LF REJ: Selects a trigger-coupling circuit that passes high-frequency
AC signals, but blocks DC and low-frequency AC signals.

AC HF REJ: Selects a trigger-coupling circuit that passes low-frequency
AC signals, but blocks DC and high-frequency AC signals.

DC: Selects DC coupling of the triggering signal, thereby passing all
frequency components of the signal.

(7) TRIGGERING-SOURCE Pushbuttons

These four buttons select the source of the trigger signal according
to which button was last pressed:

INT: Selects the internal signal supplied by the mainframe vertical
system as the triggering signal.

LINE: Selects a sample of the mainframe AC power input as the triggering
signal.

EXT: Selects the signal supplied to the EXT TRIG IN connector as the
triggering signal.

EXT+#10: Selects the signal supplied to the EXT TRIG IN connector as
the triggering signal, but attenuates it by a factor of 10 to allow greater
input voltage range.
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(8) TIME/DIV Pushbuttons

The sweep rate (time/division) is entered in engineering notation and
therefore both a number and a multiplier must be entered via the following
switches:

1,2,5,10,20,50,100,200,500: These switches determine the numeric part
of the sweep rate.

ms,ls,ns,ps: These switches determine the multiplier and units of the
sweep rate in milliseconds (ms), microseconds (us), nanoseconds (ns), or
picoseconds (ps).

MAG: Selects the magnified 10X sweep rate, thereby generating a sweep
speed that is 10 times greater. When 1it, the switch is set for magnified
sweep; when unlit, the sweep is not magnified.

@posrrlon Control

Varies the horizontal position of the trace by applying a DC offset
voltage.

(10)HOLD-OFF Control

Varies the trigger hold-off period (the time following the end-of-sweep
that the sweep generator is inhibited) to improve trigzering stability on
repetitive signals. Hold-off time is maximum when the zontrol is turned
fully clockwise.

(:)SHP CAL Adjustment
This front panel screwdriver adjustment varies the sweep calibration

to achieve the desired trace width. This allows for differences in gain
between mainframes. All sweep rates are affected by this adjustment.
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EXT TRIG IN

(:)EXT TRIG IN Connector: Input connector (BNC type) for an external
trigger signal.

(:)TERH: Terminates the EXTernal TRIGger INput connector with either
50 ohms or 1 megohm of impedance. In the IN position, it selects 1 megohm;
in the OUT position, it selects 50 ohms.

S‘N\IWV
; CAUTION S
WMN\-AS

The signal to the EXT TRIG IN connector must not
exceed 250 volts, DC plus peak AC. If 50 ohms

is selected, the power of the input signal must
be limited to 1 watt.

Functional Check

The following procedure demonstrates the use of the controls, connector,
and indicators of the 7TB90P, while at the same time providing a means of
checking the basic operation of the instrument. Refer to the description
of the controls, connector, and indicators while performing this procedure.
If performing the functional-check procedure reveals a malfunction or
improper adjustment, first check the operation of the associated mainframe.
If the mainframe seems to be working properly, have the TB90P examined by
a qualified service technician.

Preliminary Setup

With the mainframe power off, install the 7TB90P into the horizontal
plug-in compartment of a 7000-Series programmable mainframe. Install a
TA-Series amplifier unit into the vertical plug-in compartment.

With the mainframe power on, set the mainframe trigger-source switch
(if applicable) to select the appropriate vertical compartment. Set the
amplifier unit for AC input coupling. Also, adjust the mainframe intensity
knob(s), if necessary. NOTE: On some mainframes, both the beam intensity
and graticule intensity must be adjusted.
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Power-up Sequence

When the mainframe is turned on, the TBY90P is set to a predetermined
state as indicated by the lighted front-panel buttons. The status of the
front-panel buttons should indicate the following:

TRIGGERING MODE: PP AUTO
TRIGGERING COUPLING: AC

TRIGGERING SOURCE: INT

TRIGGERING SLOPE: + SLOPE
TIME/DIV: 1 us

MAG: unmagnified (1X)

Also, the outputs of the three front-panel controls (LEVEL, POSITION, and
HOLD OFF) are tracked to their current knob settings during the power-up
sequence.

Procedure
NORMAL OPERATION

1) After an adequate warm-up period (20 minutes or more), adjust the
TBY90P POSITION control for midscreen positioning of the trace; adjust the
HOLDOFF control to minimum (fully counterclockwise). Readjust the mainframe
intensity knob(s), if necessary.

2) Adjust the amplifier POSITION control so that the trace is vertically
centered on the CRT monitor.

3) Set the amplifier unit to a deflection factor of 1 V/div (or 100
mV/div if a 10X probe is being used). The VARIABLE control should be pressed
in to the calibrated position.

4) Set the TB90P sweep speed to 1 ms/div. Adjust the mainframe intensity
knob(s) to the proper levels.

5) Connect a 4 volts (peak-to-peak), 1 kilohertz square wave to the

input of the amplifier unit, and (if applicable) select the proper input
connector.
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6) Check the display for one cycle per division. If necessary, adjust
the front-panel SWP CAL screwdriver adjustment for one cycle per division
over the center 8 graticule divisions.

7) Readjust the TB9OP POSITION control, if necessary.
MAGNIFIED SWEEP

8) Press the MAG button and check that the MAG button illuminates.
Note that the center portion of the unmagnified display (the area within
one-half division of centerline) is expanded to 10 divisions. Also note
that the sweep-speed buttons now indicate 100 us/div. (Adjust the mainframe
intensity knob(s), if necessary.)

9) Reset the 7B90P to unmagnified mode by again pressing the MAG
button. Note that the MAG button is no longer 1it and that the display is
no longer magnified. Also note that the sweep-speed buttons now indicate
1 ms/div. (Adjust the mainframe intensity knob(s), if necessary.)

PP-AUTO TRIGGERING MODE

10) Connect an 8 V P-P, 1 kHz sine wave to the input of the amplifier
unit.

11) Rotate the LEVEL control from fully counterclockwise to fully
clockwise and note that the signal can be triggered over the full range
of the LEVEL control in PP AUTO mode.

12) Reduce the input signal amplitude to 1 V P-P. Note that the signal
can still be triggered in PP AUTO mode, as indicated by the TRI'G light.

13) Disconnect the input signal and check for a2 free-running baseline
trace. Note that the TRI'G light is no longer 1lit.

NORMAL TRIGGERING MODE

14) Press the NORM button. Check that the button is 1it and that the
baseline trace now disappears in the absence of the trigger signal.

15) Reconnect the 1 V P-P, 1 kHz sine wave to the amplifier input.

Note that the waveform is displayed (the 7B90P is triggered) only when the
LEVEL control is set near 0,
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SINGLE-SWEEP TRIGGERING MODE

16) With the TB90P set for a triggered display, press the SGL SWP/RESET
button. Check that the button is 1lit and that the displayed waveform
disappears from the CRT monitor. The TRI'G light is also extinguished at
this time.

17) Again press the SGL SWP/RESET button. Note that one sweep occurs
(the waveform briefly appears on the CRT monitor) each time this button
is pressed. Also note that the TRI'G and READY lights flash when SGL
SWEEP/RESET is pressed. NOTE: It may be necesaary to increase the mainframe
intensity during this step.

18) Disconnect the input signal and press SGL SWP/RESET. The READY
light should now be 1lit. Check that TRI'G briefly lights and that READY
is extinguished when the input signal is reconnected.

LEVEL CONTROL

19) Press the PP AUTO button and set the LEVEL control fully
counterclockwise. Note that the waveform is triggered on the nezative
excursion (bottom half) of the signal.

20) Set the LEVEL control fully clockwise and note that the input
signal is now triggered on the positive excursion (top half) of the signal.

21) Set the LEVEL control to 0 and note that triggering occurs midway
between the peak and trough of the signeal.

+SLOPE

22) Press the +SLOPE switch. Check that the button is no longer 1lit
and that triggering now occurs on the negative slope of the input signal.

23) To again trigger the input signal on its positive slope, press
+SLOPE. The button should now be 1lit, indicating positive-slope triggering.

HOLD OFF CONTROL
24) Rotate the HOLD OFF control fully clockwise. liote that the trigger

hold-off period increases. (On a CRT monitor, this is evidenced by increased
flickering of the input signal.)
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25) Rotate the HOLD OFF control fully counterclockwise to restore
minimum hold-off time.

TRIGGERING COUPLING

26) Press the AC, AC HF REJ, and DC coupling buttons. Note that in
each case the respective button is 1lit and that a stable display is achieved.

27) Press the AC LF REJ button and check that it lignts. Note that a
stable display is not achieved due to attenuation of the 1 kHz input signal.

EXTERNAL TRIGGERING

28) By means of a BNC T connector, connect the input signal to the
amplifier input and also to the EXT TRIG IN connector of the 7B90P. Press
the EXT source button. Note that the button lights and that stable triggering
now occurs if TERM is pressed in. NOTE: with the TERM switch in the extended
(50 ohm) position, the displayed signal amplitude is one-half that displayed
when TERM is in the unextended (1 megohm) position.

General Operating Information

Triggering Switch Logic

The MODE, COUPLING, and SOURCE pushbuttons of the TRIGGERING switches
are arranged in a sequence that places the most-often used position at the
top of each series of pushbuttons. With this arrangement, a stable display
can usually be obtained by pressing the top three pushbuttons: PP AUTO,
AC, and INT.

When an adequate trigger signal is applied and the LEVEL control is
correctly set, the unit is triggered as indicated by the illuminated TRIG'D
light. If the TRIG'D light is not on, the LEVEL control is either at a
setting outside the range of the trigger signal applied to the T7B90P from
the vertical unit, the trigger signal amplitude is inadequate (less than
0.3 divisions), or its frequency is below the lower frequency limit of the
AC COUPLING switch on PP AUTO range. If the desired display is not obtained
with these buttons 1lit, other selections must be made. Refer to the following
discussions or the instruction manuals for the associated mainframe and
amplifier unit for more information.
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Triggering Modes

The MODE pushbutton switches select the mode in which the sweep is
triggered. The following discussion describes the purpose of each mode:

PP AUTO: The PP AUTO MODE provides a triggered display at any setting
of the LEVEL control whenever an adequate trigger sigral is applied. The
range of the LEVEL control in the PP AUTO MODE is between approximately
10% and 90% of the peak-to-peak amplitude of the trigger signal. The LEVEL
and SLOPE controls can be set so that the displayed waveform starts at any
point within this range on either slope. The trigger circuits automatically
compensate for a change in trigger-signal amplitude. Therefore, if the
LEVEL control is set to start the waveform display at a certain percentage
point on the leading edge of a low-amplitude signal, it triggers at the
same percentage point on the leading edge of a high-amplitude signal if
the LEVEL control is not changed. When the trigger repetition rate is
outside the parameter given in the Specifications (Section 1), or when the
trigger signal is inadequate, the sweep free runs at the rate indicated
by the TIME/DIV buttons to produce a bright base-line reference trace
(TRIG'D light off). When an adequate trigger signal is again applied, the
free-running condition ends and a triggered display is presented.

The PP AUTO MODE is particularly useful when observing a series of
waveforms, since it is not necessary to reset the LEVEL control for each
observation, The PP AUTO MODE is used for most applications because of the
ease of obtaining a triggered display. The NORM and SINGLE-SWP MODE settings
may be used for special applications.

NORMAL: The NORM MODE provides a triggered display with the correct
setting of the LEVEL control whenever an adequate trigger signal is applied.
The TRIG'D light indicates when the display is triggered. When the TRIG'D
light is off, no trace is displayed.

The normal trigger mode must be used to produce triggered displays
when the trigger repetition rate is below about 30 hertz.

SINGLE SWEEP: When the signal to be displayed is not repetitive, or
varies in amplitude, waveshape, or repetition rate, a conventional
repetitive-type display mode may produce an unstable presentation. Under
these circumstances, a stable display can often be obtained by using the
single-sweep mode. The single-sweep mode is 21so useful in photographing
non-repetitive or unstable displays.
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To obtain a single-sweep display of a repetitive signal, first obtain
the best possible display in the NOBRM mode. Then, without changing the
other TRIGGERING controls, press the SGL SWP button. A single trace is
presented each time this button is pressed. Further sweeps cannot be
presented until the SGL SWP button is pressed again. If the displayed
signal is a complex waveform composed of varying amplitude pulses, successive
single-sweep displays may not start at the same point on the waveform. To
avoid confusion due to the crt persistence, allow the display to disappear
before pressing the SGL SWP button again. At fast sweep rates, it may be
difficult to view the single-sweep display. The apparent trace intensity
can by increased by reading the ambient light level or by using a viewing
hood.

Trigger Coupling

The TRIGGERING COUPLING pushbuttons select the method in which the
trigger signal is connected to the trigger circuits. Each position permits
selection or rejection of some frequency components of the signal which
triggers the sweep.

AC: AC COUPLING blocks the DC component of the trigger signal. Signals
with low-freguency components below about 30 hertz are attenuated. In
general, AC COUPLING can be used for most applications. However, if the
signal contains unwanted frequency components or if the sweep is to be
triggered at a low repetition rate or DC level, one of the other COUPLING
switch positions will provide a better display.

AC LF REJ: AC LF REJ COUPLING rejects DC, and attenuates low-frequency
trigger signals below about 30 kilohertz. Therefore, the sweep is triggered
only by the higher-frequency components of the trigger signzl. This position
is particularly useful for providing stable triggering if the trigger
signal contains line-frequency components. Also, the AC LF REJ position
provides the best alternate-mode vertical displays at fast sweep rates
when comparing two or more unrelated signals.

AC HF REJ: AC HF REJ COUPLING passes all low-freguency signals between
about 30 hertz and 50 kilohertz. DC is rejected and signals outside the
above range are attenuated. When triggering from complex waveforms, this
position can provide a stable display of the low-frequency components.

DC: DC COUPLING can be used tc provide stable triggering from low-
frequency signals which would be attenuated in the other COUPLING switch
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positions. DC COUPLING can be used to trigger the sweep when the trigger
signal reaches a DC level set by the LEVEL control. When using internal
triggering, the setting of the vertical unit position control affects the
triggering point.

Trigger Source

The TRIGGERING SOURCE pushbuttons select the source of the trigger
signal that is connected to the trigger circuits.

INTERNAL: The INT button connects the trigger siznal from the vertical
plug-in unit. Further selection of the internal trigger signal may be
provided by the vertical plug-in unit or by the mainframe; see the instruction
manuals for these instruments for more information. For most applications,
the internal source can be used. However, some applications require special
triggering which cannot be obtained in the INT position. In such cases,
the LINE or EXT buttons must be used.

LINE: The LINE button connects a sample of the power-line voltage
from the mainframe to the trigger circuit. Line triggering is useful when
the input signal is time-related (multiple or submultiple) to the line
frequency. It is also useful for providing a stable display of a line-
frequency component in a complex waveform.

EXTERNAL: The EXT button connects the signal from the EXT TRIG IN
connector to the trigger circuit. The external signal must be time-related
to the displayed waveform for a stable display. An extesrnal trigger signal
can be used to provide a triggered display when the internal signal is
either too low in amplitude for correct triggering or contains signal
components on which triggering is not desired. It is also useful when
signal tracing in amplifiers, phase-shift networks, wave~shaping circuits,
ete. The signal from a single point in the circuit can be connected to the
EXT TRIG IN connector through a probe or cable. The sw2ep is then triggered
by the same signal at all times and allows amplitude, time relationship,
or waveshape changes of signals at various points in the circuit to be
examined without resetting the TRIGGERING controls.

The EXT+10 pushbutton attenuates the external trigzger signal by a

factor of 10. Attenuation of high amplitude external trigger signals is
desirable to increase the effective range of the LEVEL control.

REV A JUL 1979 2-13



TB90P INSTRUCTION

Trigger Slope

The SLOPE button determines whether the trigger circuit responds on
the positive or negative slope of the trigger signal. When the SLOPE switch
is in the (+) position (as indicated by the lighting of the SLOPE button),
the display starts on the positive slope of the waveform (see Fig. 2-2).
When several cycles of a signal appear in the display, the setting of the
SLOPE switch is often unimportant. However, if only a certain portion of
a cycle is to be displayed, correct setting of the SLOPE switch is important
to provide a display that starts on the desired slope of the input signal.

Trigger Level

The LEVEL control determines the voltage level on the trigger signal
at which the sweep is triggered. When the LEVEL control is set in the (+)
region, the trigger circuit responds at a more positive point on the trigger
signal. When the LEVEL control is set in the (-) region, the trigger circuit
responds at a more negative point on the trigger signal. Figure 2-2
illustrates this effect with different settings of the SLOPE switch.

To set the LEVEL control, first select the TRIGGERING MODE, COUPLING,
SOURCE, and SLOPE. Then set the LEVEL control fully counterclockwise and
rotate it clockwise until the display starts at the desired point.

Horizontal Sweep Rates

The TIME/DIV buttons provide calibrated sweep rates from 500
milliseconds/division to 500 picoseconds/division in a 1-2-5 sequence. In
most cases, selecting a sweep rate requires pressing two buttons: a numbered
button (1, 2, 5, 10, 20, 50, 100, 200, or 500), and a but:on representing
the multiplier and units (ms, us, ns, and ps). In some cases, the MAG
button is also involved.

When an attempt is made to enter a sweep rate faster than 500
picoseconds/division, the 7TBY90P internal logic corrects the mistake as
follows:

1) If a numbered button other than 500 is pressed while ps (picoseconds)

is selected, the multiplier button is automatically switched to ns
(nanoseconds) .
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Fig. 2-2.
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2) If the ps button is pressed while any numbered button other than
500 is selected, the number is automatically switched to 500.

In either case, the button just pressed is accepted. This allows the
operator to enter a valid sweep rate without regard tc the order in which
the buttons are pressed. For example, to go from 50C picoseconds/division
to 20 microseconds/division, the operator can press ys first (intermediate
state = 500 us) and then 20. Or, 20 can be pressed first (intermediate
state = 20 ns) and then ys.

The correct sveep speed is always indicated by which buttons are 1lit.
It is not necessary to multiply the indicated sweep speed by a factor of
10 when selecting the MAGnified mode. When the MAG button is pressed, the
indicated sweep speed automatically increases by a factor of 10. The correct
sweep speed is also indicated by the digital readout displayed on the CRT
monitor or other display device.

Sweep Magnification

On a TIME/DIV setting of 10 ns or slower, the MAG button can be used
to expand the display by a factor of 10. (When the MAG bu<ton is 1lit, the
sweep is masnified.) The center portion of the display is the part that
is magnified (see Fig. 2-3). The equivalent length of the magnified sweep
is more than 100 divisions; any 10 division portion can be viewed by
adjusting the TBOCP POSITION control to bring the desired portion into
view.

Magnified sweep mode is avtomatically selected when a TIME/DIV of 5,
2, or 1 nanoseconds/division or 500 picoseconds/division is selected. When
in the magnified mode at a sweep rate of 1 nanoseconds/division or slower,
pressing MAG returns the sweep length to 10 divisions and TIME/DIV to a
rate 10 times slower. When in the magnified mode at a sweep rate of 500
picoseconds/division, the sweep length is also returned to 10 divisions
when MAG is rressed, but TIME/DIV is switched to 10 nanoseconds/division,
the fastest unmagnified sweep rate.

Time Measurement
When making time measurements from the graticule, the a2rea between

the second and tenth vertical lines of the graticule provides the most
linear time measurements (see Fig. 2-4). Position the start of the timing
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Fig. 2-3. Operation of the sweep magnifier.

area to the second vertical line and adjust the TIME/DIV switch so the end
of the timing area falls between the second and tenth vertical lines.

Variable Hold Off

The HOLD OFF control improves triggering stability on repetitive
complex waveforms by effectively changing the repetition rate of the
horizontal sweep signal. The HOLD OFF control should normally be set to
its minimum setting. When a stable display cannot be obtained with the
TRIGGERING LEVEL control, the HOLD OFF control can be varied for an improved
display. If a steble display cannot be obtained at any setting of the LEVEL
and HOLD OFF controls, check the TRIGGERING COUPLING and SOURCE switch
settings. (NOTE: When the 7B90P is used in a TEKTRONIX 7912AD Programmable
Digitizer, the HOLD OFF control is overridden by the mainframe at certain
sweep speeds.
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Fig. 2-4. Area of the graticule providing the
most accurate time measurement.

Applications

The following information describes procedures and t2chniques for
making basic time measurements with the TB90P and an associated TEKTRONIX
programmable mainframe and amplifier. (To some extent, this information
is also applicable to measurements made under program control.) These
procedures provide enough detail to enable you to adapt taem to other
related time measurements. Contact your Tektronix Field Office or
representative for assistance in making specific meazsurements.

Since time is a function of the sweep rate and the horizontal distance
(in divisions) that the sweep travels, the time interval between any two
points on a waveform can be accurately measured. The following procedures
provide methods to measure some of the more common time-related characteristics
of a waveform such as pericd, frequency, rise time, fzll time, and pulse
width. The procedure for each of these measurements is essentially the
same, except for the points between which the messurements are made. The
time interval between any two selected points on a displayed waveform can
be measured with basically the same techniaue.
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Period and Frequency Measurements

Perform the following procedure to measure the period and determine
the frequency of a displayed waveform:

1) Connect the signal to be measured to the selected input of the
amplifier unit.

2) Set the TRIGGERING switches and LEVEL control for a stable display
(see General Operating Information for selecting proper triggering).

3) Set the vertical deflection factor and amplifier POSITION control
for about a 5-division display, vertically centered on the graticule.

4) Set the TIME/DIV switches and TB9OP POSITION control for 1 complete
cycle displayed within the center 8 graticule divisions as shown in Fig.

2-5.

5) Measure the horizontal distance in divisions over 1 complete cycle
of the displayed waveform (see Fig. 2-5).

6) Multiply the horizontal distance measured in Step 5 by the TIME/DIV
setting.

Example: Assume that the horizontal distance over 1 complete cycle
is 7 divisions, and the TIME/DIV setting is 0.1 ms (see Fig. 2-5).

Using the formula:

Period = Horizontal distance X TIME/DIV setting
Substituting values:

Period = 7 X 0.1 ms = 0.7 millisecond

7) Determine the frequency of the displayed waveform obtained in
steps 1 through 6 by taking the reciprocal of the period of 1 cycle.

Example: Assume that the period of the displayed waveform is 0.7
millisecond.
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Fig. 2-5. Measuring the period and determining the
frequency of a displayed waveform.

Using the formula:

.

Frequency =
Period

Substituting values:

Frequency = = 1.43 kilohertz
0.7 ms

Rise-Time and Fall-Time Measurements

Perform the following procedure to measure the rise time and fall
time of a displayed waveform:
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1) Connect the signal to be measured to the selected input of the
amplifier unit. Obtain a triggered display as previously described.

2) Set the vertical deflection factor and amplifier POSITION control
for about a 5-division display, vertically centered on the graticule.

3) Set the TIME/DIV switches and 7TB90OP POSITION control to display
the rising or falling portion of the waveform within the center 8 graticule
divisions as shown in Fig. 2-€ (see General Operating Information in this
section for a discussion of timing measurement accuracy).

4) Determine rise time or fall time by measuring the horizontal
distance in divisions between the point on the rising or falling portion
of the waveform that is 10% and the point that is 90% of the total display
amplitude (see Fig. 2-6)

5) Multiply the horizontal distance measured in step 4 by the TIME/DIV
setting.

Example: Assume that the horizontal distance from the 10% to 90%
points is 2.5 divisions and the TIME/DIV setting is 0.1 us (see Fig. 2-6).

Using the formula:

Horizontal distance % TIME/DIV

Rise Time =
(divisions) setting
Substituting values:
Rise Time = 2.5 X 0.1us = 0.25 microsecond

Pulse-¥idth Measurements

Perform the following procedure to measure the pulse width of a
displayed waveform:

1) Connect the signal to be measured to the selected input of the
amplifier unit. Obtain a triggered display as previously described.

2) Set the vertical deflection factor and amplifier POSITICN control
for about a 5-division display vertically centered on the graticule.
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Fig. 2-6. Measuring the rise time and fall
time of a displayed waveform.

3) Set the TIME/DIV switches and 7B90OP POSITION control for 1 complete
pulse displayed within the center 8 graticule divisions as shown in Fig.
2"?0
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Fig. 2-7. Measuring the pulse width of a displayed waveform.

4) Measure the horizontal distance in divisions between the 50%

amplitude pcints of the displayed pulse (see Fig. 2-7).

5) Multiply the horizontal distance measured in s“ep 4 by the TIME/DIV

setting.

Example: Assume that the horizontal distance between the 5C% amplitude

points is 3 divisions, and the TIME/DIV setting is 0.1 ms (see Fig.

Using the formula:

Horizontal 3 TIME/DIV

distance setting

Pulse Width =

Substituting values:

Pulse Width = 2 X 0.1 ms = 0.2 millisecond

REV A JUL 1979 2-23

2-7).



7B90OP INSTRUCTION

SECTION 3

PROGRAMMIKG

The 7B90P can be operated by remote control over a versatile instrument
bus known as the IEEE U488 bus. A detailed description of the bus is given
in IEEE Standard U488-1975 as well as ANSI Standard MC 1.1-1975. A brief
introduction to the IEEE 488 standard is included in this section as
background information.

The TB90P is interfaced to the IEEE 488 bus through the mainframe in
which it is installed. The mainframe provides a transparent interface
between the IEEE 488 bus and the internal 7000-Series bus used to program
the plug-ins.

The Remote/Local state of the TB90P is slaved to the Remote/Local
state of the programmable mainframe. When the mainframe is set to Remote
mode, the TBY0P can be operated by remote control over the IEEE 488 bus.
Either the controller-in-charge or other designated talker and listeners
can then set or read any of the 7TB90P programmable functions. In Remote
mode, the front panel is disabled except for the settings of the Sweep
Calibration adjustment (SWP CAL) and the External Triggzer Input Terminator
switech (TERM); these are the only non-programmable functions on the T7B9OP.

After the TBO90OP has been set to Remote state, it can be remotely
controlled by messages sent over the bus. This remote programming can be
accomplished by either of two types of device-dependent messages: a
high-level language (ASCII character strings) or a low-level language
(hexadecimal codes). The advantage of the high-level language is that
messages can be sent with simple, easy-to-remember mnemonics. Since the
plug-in itself decodes these high-level commands, it is not necessary to
incorporate this decoding capability into special driver software. The
main advantage of using the low-level code is that fewer keystrokes and
less bus time is required than when programming with the high-level language.
When access time is more important than ease of programming, the low-level
language of the TB90OP should be used. Both methods of programming the TB9OP
are explained following a brief introduction to the IEEE 488 bus.
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Introduction to the IEEE 488 Bus

The IEEE 488 bus is a versatile instrument bus designed to provide
an effective communications link for data and instructions. The bus itself
is entirely passive. The active components of the interface are contained
within each device. Instruments designed to operate according to this
universal standard can be connected directly to the bus and operated by a
controller with appropriate programming. The instructions and data generated
by instruments can be coded in either ASCII or binary. The IEEE standard
specifies only the mechanical, electrical, and functional aspects of the
interface. The operational, or device dependent, aspects of the system are
purposely not specified to allow greater flexibility as to the types of
devices that can be interconnected.

A Typical System

The IEEE 488 bus uses eight data lines and eight control lines.
Information is transferred bit-parallel, byte-serial by an asynchronous
handshake. The handshake signals guarantee that each data byte has been
transferred properly before allowing another byte to be transferred across
the bus. This allows instruments with different data transfer rates to
operate together if they conform to the handshake state diagrams defined
in the IEEE 488 standard.

Types of Instruments. Instruments connected to the bus can be classified
as either controllers, talkers, or listeners. A controller designates which
devices are to talk or listen and exercises other bus management functions;
at any given time, there can be only one controller. A talker is a device
capable of transmitting data and instructions on the Data lines; there can
be only one talker at a time to avoid confusion in message and data transfer.

A listener is a device capable of responding to data or instructions
received on the Data lines; there can be more than one listener at a time
since no confusion results.

A device need not be a talker or listener or controller at all times.
It may be idle part of the time. Other devices (such as a digital multimeter)
may alternately function as a talker or listener depending on whether they
are listening to instructions or generating data.

A typical system is diagrammed in Fig. 3-1. It includes a controller
(such as a TEKTRONIX CP4165 Controller), a talker (such as a counter or
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digital multimeter), and a listener (such as a line printer or signal
generator). Also included is a TEKTRONIX 7912AD Programmable Digitizer
which may either talk or listen.

I rmep_l l 7B90P
P } 1
‘J\u f" “\; - : ¥
CP4165 CONTROLLER, 7912AD
ABLE TO TALK, LISTEN COUNTER, SIGNAL GENERATOR, ’“%‘fg;?r’rzl;;ﬂ'i
Al LE TO TALK ABLET L} "
fo ET.R.OL ABLETO SN ABLE TO TALK AND
5 1 LISTEN
~— CP4100/IEEE 488
INTERFACE

" DIO1 —
DIO2 ——
DIO3 ——
DI04 ——
DATA BUS DIOS =
DIOs —
DIO7 ~—
 DIO8 ——
NRFD ~——
TRANSFER BUS DAV ——
NDAC—
" ATN ——
| srg —
MANAGEMENT BUS | IFC ——
REN +——

EQ) ——

2308-01

Fig. 3-1. A typical system based on the IEEE 488 Bus.

Types of Messages. Messages on the bus are either interface messages
or device-dependent messages. Interface messages are used to manage the
interface functions of the instruments. They designate talkers and listeners,
determine local or remote operation of devices, indicate service requests,
and communicate other important interface conditions. Device-dependent
messages, by contrast, are not used to change the state or configuration
of the interface, but are used to control the operating modes or device
functions of designated instruments. Device-dependent messages can also
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be data, such as waveform data generated by the TEKTRONIX 7912AD Programmable
Digitizer.

Maximum Number of Devices. Up to 15 devices can be connected on the
IEEE 488 bus. More than 15 devices can be interfaced if they are not
directly connected to the bus but are interfaced through another device.
Such a scheme is used for the 7B9OP plug-in housed in a 7000-Series
programmable mainframe such as the 7912AD; the mainframe provides a
transparent interface between the IEEE 488 bus and the plug-ins. Secondary
addresses zre used for the plug-ins. More than half of the main devices
connected at any time must be powered-up for the system to be operational.

Maximum Cable Length. The maximum length of cable that can be used
to connect a group of devices on the bus is:

1) 2 meters times the number of devices
2) Or 20 meters, whichever is less

Cables may be connected in either a star or linear configuration, or in a
combination of the two methods.

Electrical Specifications. The relationship between the binary logic
states of the bus and the voltages present on the signal lines is as
follows:

Logical 1 corresponds to a low voltage level (+0.8 V or less)
and the signal is said to be "asserted".

Logical 0 corresponds to a high voltage level (at least +2.0 V)
and the signal is said to be "unasserted".

The electrical states are based on standard TTL (Transistor-Transistor

Logic) levels where the power source does not exceed +5.25 Volts DC
referenced to logic ground.
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Bus Signal Lines

The IEEE 488 bus is functionally divided into three component busses:
an eight-line Data Bus, a three-line Transfer (or handshake) Bus, and a
five-line Management Bus. This bus structure is diagrammed in Fig. 3-1.

The eight lines of the Data Bus (DIO1 through DI(08) are bidirectional
active-low lines used to convey data or device-dependent messages. Device
addresses and universal commands are also transferred over these lines
when ATN is asserted. One byte of information is transferred over the bus
at a time. DIO1 represents the least significant bit in the byte; DIO8
represents the most significant bit. Data is transferred in byte-serial,
bit-parallel fashion. Data bytes can be formatted in ASCII with or without
parity, or they can be formatted in machine-dependent binary code. The
term "machine-dependent binary code" refers to an internal binary format
used by a device to store certain programs and data.

The Transfer Bus is used to communicate a handshake sequence that is
executed between the talker and all designated listeners each time a byte
is transferred over the Data Bus. This handshake sequence prevents the
talker from placing a new byte on the bus until the slowest listener has
captured the previous byte. Thus the talker can not transmit at a rate
faster than can be received by the slowest listener. The three active-low
lines of the Transfer Bus are NRFD, DAV, and NDAC. (See Fig. 3-2 for a
basic timing relationship between these signals). Their functions are:

NRFD (Not Ready For Data) -- This signal line is asserted until
all assigned listeners are ready to receive the next data byte.
When all of the assigned listeners have released NRFD, the NRFD
signal is unasserted, thereby allowing the talker to place the
next byte on the Data lines,

DAV (Data Valid) -- The DAV signal line is asserted by the talker
shortly after placing a valid byte on the Data lines. This

tells each listener to capture the byte presently on the Data
lines. DAV can not be asserted until NRFD bhas been unasserted.

NDAC (Not Data Accepted) -- This signal line is a2sserted by each
listener until all have captured the byte currently on the Data
lines. When the slowest listener has captured the data byte,

NDAC is unasserted thereby allowing the talker to remove the

byte from the Data lines. At that point, the DAV line is unasserted
and the entire handshake cycle is repeated.
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Fig. 3-2. A typical handshake sequence.

The Management Bus is a group of signal lines used to control data
transfers over the Data Bus. These lines communicate important interface
messages such as detecting an interrupt from a device, setting a device
to remote control, and denoting the end of a message. The five active-low
signal lines are ATN, IFC, SRQ, REN, and EOI; their functions are:

ATN (Attention) -- Asserted by the controller-in-charge to

specify how information on the Data Bus is to be interpreted. When
ATN is not asserted, the information on the Data Bus is interpreted
as device-dependent messages and data. When ATN is asserted,

the Data Bus conveys universal commands, addressed commands, talk
addresses (MTA), listen addresses (MLA), or secondary addresses
(MSA). Just which addresses and commands are sent depends upon

the byte currently on the Datz Bus. The codes corresponding to
various commands and addresses are defined in Appendix E of the
IEEE 488 standard.
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IFC (Interface Clear) =-- Asserted by the system controller

to initialize the interface functions of all instruments to a
quiescent state and return control to the system. The IFC function
does the same thing as UNListen, UNTalk, Serial Poll Disable,

and resets all devices except the system controller to the

idle state.

SRQ (Service Request) =-- Asserted by an instrument to request
service from the controller-in-charge. The controller usually
interrupts its current task and conducts a serial poll to
determine which device interrupted. The controller can then
branch to an interrupt service routine where appropriate action
is taken. After the interrupt has been processed, the controller
may resume execution of the previous task.

EOI (End Or Identify) -- Asserted by a talker to indicate
the last byte of its message. When EOI is asserted with ATN,
the controller conducts a parallel poll of the devices
connected to the bus.

REN (Remote Enable) -- Asserted by the controller-in-charge

to allow devices on the bus to go to Remote mode, thereby

allowing remote control of their programmable functions. When in
Remote mode, the front panels of the instruments are disabled except
for any non-programmable functions.

Bus Messages

As previously noted, messages on the Data Bus are either interface
messages or device-dependent messages. When the ATN line is asserted by
the controller, all devices "pay attention" since interface messages are
to be transferred over the Data lines. (By "pay attention"™ it is meant
that all devices handshake and process all bytes transferred on the bus.)
Interface messages can generally be classified as follows:

1) talk addresses

2) listen addresses

3) secondary addresses
4) universal commands
5) addressed commands

REV A JUL 1979 3-7



7B90P INSTRUCTION

The first three categories refer to how a device is to be addressed.
That is, they designate whether a device is to be a talker or a listener.
To designate a device as a talker, the controller asserts ATN and places
the device's talk address on the Data lines. Similarly, the controller
designates a listener by asserting ATN and placing the address of the
listener on the Data lines. In cases where secondary addressing is designed
into a particular device, it is necessary to transmit the device's secondary
address following the primary talk or listen address.

The fourth category listed above (universal commands) consists of
those interface commands which affect all instruments connected to the
bus, regardless of whether they are currently addressed as talker or
listeners. Examples of universal commands are LLO (Local Lockout) and DCL
(Device Clear).

The fifth category in the preceding list (addressed commands) consists
of those interface commands which affect all instruments currently addressed
as listeners. Examples of addressed commands are GTL (Go To Local) and GET
(Group Execute Trigger). A complete list of universal and addressed commands
is provided in Appendix E of the IEEE 488 standard.

In contrast to interfazce messages, device-dependent messages are sent
with ATN unasserted and are transmitted only between a designated talker
and one or more designated listeners. A device-dependent message can be
either an instruction (e.g., set the input polarity to normal) or data
(e.g., 3.456 volts). The format of instructions and data is entirely up
to the device designer. Instructions and data are normally coded in ASCII
or binary, but this is not required by the IEEE standard.

This has only been a brief introduction to the IEEE L88 interface.
Further information can be found in IEEE Standard 488-197¢, IEEE
Standard Digital Interface for Programmable Instrumentation. A detailed
description of the actual handshake timing sequence is covered in Appendix
B of the standard.
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TB90P Interface Function Subsets

The IEEE U488 standard is designed in such a way that not all devices

on the bus need to have the same capability to comply with the standard.
The instrument designer can choose from a "menu" of device functions, and

implement only those capabilities (known as "functional subsets") that are
appropriate to a particular device. The functional subsets are desecribed
in detail in the standard. The degree to which the 7B90P implements each
of the ten interface functions is described below.

1)

2)

3)

)

Source Handshake Function: SH1

The SH function provides a device with the ability to initiate
and terminate transfer of multiline messages on the Data Bus.
The T7BO9OP, in conjunction with the mainframe, conforms to
subset SH1, meaning it has full capability with no states
omitted.

Acceptor Handshake Function: AH1

The AH function provides a device with the capability to
guarantee proper reception of messages on the Data Bus as well
as the capability of delaying initiation or termination of
such messages. The 7B90P conforms to subset AH1, meaning it
has full capability with no states omitted.

Talker Function: TE6

The T function enables a device to send device-dependent data
(including status information) over the bus to other devices.
The TB90P conforms to subset TE6, meaning it is an extended
talker honoring secondary addresses. It has full capability
except that it does not have a Talk-Only mode.

Listener Function: LEY

The L function allows a device to receive device-dependent
data over the bus from other devices. This capability exists
only when the device is addressed to listen. The TB90P
conforms to subset LEY, meaning it is an extended listener
honoring secondary addresses. It has full capability except
that it does not have a Listen-Only mode.

REV A JUL 1979 3-9



5)

6)

7)

8)

9)

10)

TB90P INSTRUCTION

Service Request Function: SR1

The SR function enables a device to asynchronously request
service from the controller-in-charge of the interface. The
TB90P conforms to subset SR1, meaning it has full capability.

Remote/Local Function: RL1

The RL function provides a device with the capability to
select between two sources of information: remote (programmed
control) or local (front-panel control). The 7B90P, in
conjunction with the mainframe, conforms to subset RL1,
meaning it has full capability.

Parallel Poll Function: PP@

The PP function allows a device to present one bit of status
to the controller-in-charge without being previously addressed
to talk. The TB90P conforms to subset PP@, meaning it has no
capability for responding to a parallel poll.

Device Clear Function: DC1

The DC function allows a device to be cleared (initialized)
either by itself or as a group of devices. The TBY0P conforms
to subset DC1, meaning it has full capability. When the 7BQOP
receives a DCL (Device Clear) interface message, its internal
buffers are cleared and the front panel is set to the power-
up state. However, DCL does not affect plug-in settings in
Local mode.

Device Trigger Function: DT1

The DT function allows the operation of a device to bhe
triggered (initiated) either individually or as part of a
group. The TB90P conforms to subset DT1, meaning it has full
capability. The 7B90P does a Single-Sweep Reset when it
receives a GET (Group Execute Trigger) command.

Controller Function: C@

The C function provides a device with the capability for
sending device addresses, universal commands, and addressed
commands over the bus. The 7TB90P conforms to subset C@,
meaning it cannot serve as controller.
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Addressing the 7TB90P

It was noted previously that two types of communication occur on the
IEEE U488 bus: interface messages and device-dependent messages. The first
type of communication occurs when the system controller asserts ATN and
begins sending messages to all devices on the bus. The second type of
communication occurs when ATN is unasserted; in this case, communication
occurs only between a designated talker and one or more designated listeners.

Interface messages can occur without the assignment of talkers and
listeners since, by definition, the controller has an active source handshake
and all other devices have an active acceptor handshake. On the other hand,
before a device-dependent message can be sent, a talker must be assigned
and at least one listener must be assigned. The process of assigning talkers
and listeners is referred to as "addressing".

Addressing Schemes

There are two types of addressing schemes allowed by the IEEE 488
standard: primary addressing and secondary addressing. It is up to the
device designer to decide which type of addressing scheme is to be implemented
on a particular device. That is, some devices use only primary addressing
while others require secondary addressing. The 7B90P and its mainframe use
a secondary addressing scheme.

On a device that uses primary addressing, up to 31 possible talk or
listen addresses can be assigned to a particular device. Once a talk or
listen address has been assigned to a device, this address becoues the
"name" by which the controller refers to that device. However, this "name"
can usually be changed since the address is generally determined by a bank
of switches on the back panel of the instrument. (In some cases, the address
is determined by straps on a circuit board inside the instrument.)

On a device that uses secondary addressing, a slightly different
scheme is used. In this case, there are still 31 possible talk or listen
addresses available. However, for each primary address there can be 31
possible secondary addresses corresponding to the primary address. This
allows a total of 961 possible addresses for a device incorporating secondary
addressing. Secondary addressing is sometimes used on instruments incorporating
plug-in modules. An example is the TEKTRONIX 7912AD Programmable Digitizer
and its two programmable plug-ins: the TA16P and the TB9OP.
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Primary and secondary addresses are sent over the Data Bus with ATN
asserted. Data lines DIO1 through DI05 are used to convey the actual device
address. DIO1 corresponds to the least significant bit and DIO5 corresponds
to the most significant bit. Data lines DI06 and DIO7 determine whether
this address is to be interpreted as a primary talk address (abbreviated
MTA for My Talk Address), a primary listen address (abbreviated MLA for
My Listen Address), or as a secondary address (abbreviated MSA for My
Secondary Address). Incidentally, if DIO6 and DIO7 are @@, lines DIO1-5
correspond to a universal or addressed command rather than a device address.
This scheme is diagrammed in Fig. 3-3.

DATA BUS (DIO)

8 7 6 5 4 3 2 1

x x|y 'vy'vy' vy
1 ] 1 A1

MSB LsB

A - J

"DONT CARE" BIT \
(arbitrarily set DEVICE ADDRESS, range -~ 0 - 30,
to 0) (31 is reserved for UNT & UNL commands)

DIO1 is the Least Signiticant Bit (LSB)

: Device addressisalListen Address (MLA)
: Deviceaddressisa Talk Address (MTA)
: Device addressisa Secondary Address (MSA)

- -
- -

@ © : LinesDIO1-5correspond toauniversal
or addressed command rather than a device
address

2308-10

Fig. 3-3. Interpretation of the Data Bus
(P101-8) when ATN is asserted.

Determining Device Addresses

The 7BS0P does not have any provision for changing its device addresses
since these addresses are a function of the mainframe in which the plug-in
is installed. In the case of the TEKTRONIX 7912AD Programmable Digitizer,
the MSA of the plug-in installed in the vertical compartment (such as the
TA16P) is interpreted to be the MSA of the 7912AD plus 1. 3Similarly, the
MSA of the plug-in installed in the horizontal compartment (such as the
7B90P) is interpreted to be the MSA of the 7912AD plus 2. However, this
rule is not necessarily true for all mainframes. Refer to the manual for
your particular mainframe if you need more information on <his point.
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So far, we have talked about addressing in general terms but have not
discussed the actual procedure for addressing the 7B9OP for a talk or
listen operation. Perhaps an example using the 7912AD will best illustrate
the method. Suppose that the 7912AD is set for a primary address of
PP@@@ and a secondary address of @@@@1. According to the scheme previously
mentioned, the MLA, MTA, and MSA of the mainframe are:

MLA = @100000 = l403 = 3210 = 2016
MTA = 10000¢0 = 100g = 61110 = l\l016
MSA = 1100081 = 1418 = 9749 = 6116

To address the 7TB90P as a listener, the controller asserts ATN and
sends the MLA of the mainframe (3215) on the Data Bus. With ATN still
asserted, the controller sends the MSA of the 7B90P (9%91p) on the Data
Bus. Recall that the MSA of the time base is that of the 7912AD plus 2.
ATN can now be unasserted so that the talker can begin sending device-
dependent messages tc the TB9OP.

To address the TB90P as a talker, the controller asserts ATN and
places the MTA of the mainframe (641g) on the Data Bus. With ATN still
asserted, the controller places the MSA of the 7B90P (991p) on the Data
Bus. ATN can now be unasserted so that the listener(s) can begin receiving
device-dependent messages from the TB9OP.
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High-Level Messages

TBY0P high-level messages are device-dependent and therefore are not
specified in the IEEE U488 standard. However, these high-level messages do
conform to Tektronix standards intended to enhance Tektronix compatibility
with other bus-compatible instruments. To accomplish this, codes and syntax
are designed to be unambiguous, to correspond to those used by other
Tektronix devices, and to be as simple and obvious as possible. This
minimizes the cost and time required to program the TB90P by making it
easier for the programmer to write and understand the needed device-dependent
code.

The TB90P responds to device-dependent messages that contain one or
both of two types of cormmands: Set and Query. During a Set command, the
plug-in acts as a listener and uses the incoming information to effect
certain operating modes or front-panel settings. During a Query command,
the plug-in initially acts as a listener until receiving an UNListen
comnand; then the plug-in is made a talker and returns the status of a
specified function or operating parameter. The syntax of a Set and Query
command is explained later.

A device-dependent message begins when the plug-in is addressed as a
talker or listener, with ATN asserted. Then ATN is unasserted and the
actual device~dependent code is transmitted from talker to listener. The
message is terminated when EOI is asserted. EOI is sent concurrent with
the last byte of the message, whether it be a data byte, a delimiter, or
a format character.

When special driver software is being used, the user need not concern
himself with all the details of initiating and terminatirg each message,
since this is done automatically by the software. Most of this section
thus deals with message syntax rather than message transmission. However,
for those who are not using special-driver software, a brief discussion
is included later as to the methods of initiating and terminating a message.

Explanation of Command Syntax
In describing the syntax of high-level commands, a modified form of
the Backus~Naur format is used. According to this format, descriptive words

such zs "header", "format", or "argument" are enclosed in angle brackets
(<>). Optional items are enclosed in square brackets ([]). An ellipsis

3-1Y4 REV A JUL 1979



TB9OP INSTRUCTION

(...) indicates that the preceding argument may be repeated one or more
times. Punctuation marks such as the semicolon and question mark are listed
exactly as they are typed; hence they are not enclosed in angle brackets.

The syntax allows format characters at several pcints in each command.
Where they are allowed, the word "format" is spelled cut. Format characters
are always optional, so the word "format" is always shown in brackets. A
format item can be a space, carriage return, line feed, or any combination
of these characters.

Set Commands

Unless specifically designated as query (read) only, the headers and
arguments listed in Table 3-1 can be used to form Set commands. Set commands
are used to set the states of the various TB90P programmable functions. A
Set command for the 7BY90P has the following syntax:

[<format>]<header><header delimiter>[<format>]<argument>

As previously noted, a format character is optional and may be a carriage

return, line feed, space, or any combination thereof. The header delimiter
is a space and is always required. The following are all examples of legal
Set commands, where <cr> denotes a carriage return and <1f> denotes a line
feed:

1) CPL DC

2) <1f>CPL DC

3) <er>CPL DC

4) <er><1f> CPL DC <er>
5) T/D .@05

6) <er> T/D .@@5

Examples 1 through U4 set the trigger CouPLing to DC and examples 5 and 6
set the Time/Division to 5 milliseconds.

One or more Set commands can be included in the same message as
explained later under the heading "Messages".
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Query Commands

All of the headers in Table 3-1 can be used to form Query commands.
Query commands are used to determine the states of the various 7B9OP
programmable functions. A Query command has the following syntax:

[<format>]<header>?

Again, <format> refers to an optional carriage return, line feed, space,
or any combination thereof. The question mark (?) following the header
argument must be typed without a preceding space or other format character.

Examples of Query commands are:

1)
2)
3)
4)
5)

CPL?

<er>CPL?
<er><1f> CPL?
T/D?

<1f>T/D?

Examples 1 through 3 query the state of the CouPLing mode and examples 4
and 5 query the setting of the Time/Division switches.

One or more Query commands can be included in the same message as
explained next.
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TABLE 3-1

7B90P HIGH-LEVEL (ASCII) COMMAND SET

HEADER ARGUMENT DESCRIPTION
MOD PPA Peak-to-Peak Automatic triggering mode is selected.
NOR Normal triggering mode is selected.
SSW Single-sweep triggering mode is selected.
CPL AC Trigger signal is AC coupled.
DC Trigger signal is DC coupled.
LFR Trigger signal is AC coupled with low frequency rolleff.
HFR Trigger signal is AC coupled with high frequency rolloff.
SRC INT Trigger source is internal.
LIN Trigger source is the line voltage.
EXT Trigger source is external input.
E1Q@ Trigger source is external attenuated 10X.
SLO POS Positive trigger slope is selected.
NEG Negative trigger slope is selected.

LEV XXXX Trigger level is set to xxxx; range is -6.4 to +6.35
in .05 steps. Query returns <nr2>.!

T/D XXXX Time/Division is set to xxxx; range is 5E-10 to 5E-1
in a 1-2-5 sequence. Query returns <nr3>.1

MAG ON Sweep magnifier is turned on (10X).

CFF Sweep magnifier is turned off (1X).

POS XXXX Horizontal position of sweep is set to xxxx; range is
-6.4 to +6.39 in 0.0125 steps (80 steps/division). Query
returns <nr2>.!

HOL XXXX Trigger holdoff period is xxxx; range is 0 to 63
uncalibrated.

EOS ON End-of-Sweep SRQ signal is enabled.

(cont. next page)
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TRI

ON
OFF

Trigger light is on (read only).
Trigger light is off (read only).

SSW

ARM

DIS

Single Sweep is armed. A GET (Group Execute Trigger
universal command) has the same effect.
Single Sweep is disarmed (read only).

ID

Returns the plug-in type: TEK/7B90P,V77.1,LLL
This means Tektronix 7B90P with language version 77.1
and low-level language.2

SET

Returns the setting of all of the above functions with
the exception of the read-only ones.

FOOTNOTES:

1s

<nr1>, <nr2>, and <nr3> are numerical formats defined
in ANSI Standard X3.42.

The 77.1 nomenclature refers to the version of
protocol implemented; it may be updated at a future date.

<nr1i1>

<nr2>

<nr3>

Summary of ANSI X3.42 Numerical Formats

Signed or unsigned integers (no decimal point) preceded
optionally by spaces (<sp>). The <nri1> representation of
value "zero" must not contain a minus sign.

Examples: +1245, <sp>-328, <sp><{sp>i75, +0000

Signed or unsigned numbers with a decimal point preceded
optionally by spaces (<sp>). The <nr2> representation of
value "zero" must not contain a minus sign.

Examples: @.123, <sp>+5.41, -6.420, <sp><sp>7.@30@

Floating-point numbers expressed in modified scientific
notation. The mantissa always includes a decimal point

and is preceded by sign (+, -, or <sp>). The exrad following
the mantissa begins with the character E followed by a plus
or minus sign and then one or more digits for the exponent.
The <nr3> representation of value "zero" must contain an <nr2>
zero followed by an exrad with plus sign and all zero digits.

Examples: -1.5E+@3, <sp>2.E-1, +5.0E-2, +0.QE+02
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Messages

A Set or Query command is referred to as a "message unit". One or
more message units can be concatenated to form a message, if each unit is
delimited by a semicolon (;). Using the preceding terminology, the syntax
of a message may be described as:

<message unit>[;[<format>]<message unit>]...[; ][<format>]
Notice that format characters may be included but are not required. Also,
the ellipsis indicates that one or more message units, and accompanying
optional format characters, may be included if they are delimited by a

semicolon.

The simplest message consists of a single Set or Query command. For
example, the following Set message sets the Time/Division to 5 milliseconds:

T/D .0@@5

Similarly, the following Query message reads the setting of the Time/Division
switches:

T/D?
When the 7BO0P is made a talker, it responds by sending the current
Time/Division setting. For the case of the preceding example, the following
query response would be obtained:

T/D 5.E-3

This indicates that the time/division setting is 5 x 10-3 seconds (5
milliseconds).

Messages with Multiple Sets. More than one Set command can be sent
in the same message by concatenating them with semicolons. For example:

SLO NEG; MAG OFF

This message sets the triggering SLOpe to the NEGative portion and then
turns the sweep MAGnifier OFF.
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Here are some other example of messages with multiple Set commands:

1) MOD PPA;CPL AC; MAG OFF;T/D .@0805
2) <er><1f>MOD PPA;<cr><1f>CPL AC;<er><1f>MAG OFF ;<cr><1f>T/D .0005

In each of the preceding two examples, there are four Set commands that
accomplish the same settings, namely: triggering MODe is set to Peak-to-Peak
Auto, AC CouPLing of the trigger signal is used, the sweep MAGnifier is
turned OFF, and the Time/Division is set to 500 microseconds.

Messages with Multiple Queries. In a similar fashion, more than one
Query command can be executed in the same message. With the TB90P addressed
as a listener, each query is received and the results are queued internally
until the plug-in is made a talker. When the 7B90P is made a talker, the
results of the query are output in the same order they were received. The
response to the query is valid at the time of the response, rather than
at the time the query is received. The following is an example of a
multiple-query message and its resulting output:

MOD?;CPL?;SRC?;T/D? - query message
MOD PPA;

CPL DC; query response
SRC INT;

T/D 5.E-5
Notice that the results of the query are executed in sequence and that a
semicolon, carriage return, and line feed are generated after all but the
last response.

When more than one Query command of the same type is included in the
same message, only the last occurrence of the Query is executed. For
example:

MAG?;EO0S?;MAG?

Executing the above message would cause an output such as:

EOS ON;
MAG OFF

Since two MAG queries were executed in the same message, the first one was
ignored.
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The SET? Query. A special type of Query command is the SET? query.
It interogates the status of all the programmable functions of the 7BSOP.
The SET? query is sent just like any other query message. That is, the
7B90P is made a listener and then SET? is sent over the Data Bus. When the
plug-in is made a talker, an ouvtput such as the following is obtained:

T/D 1.E-6;
POS -0@.25;
HOL 16;
MAG OFF;
MOD PPA;
CPL AC;
LEV -6.4;
EOS OFF;
SLO POS;
SRC INT

Normally, a SET? query will be the only query in a message. When a SET?
query follows some other query in the same message, all queries preceding
the SET? query are ignored. Also, any queries followinz the SET? query
cause the SET? query to be ignored.

Messages with Sets and Queries. When Set and Query commands are
included in the same message, the following action is taken: First, all
Set commands are executed in the order they are received. This is true
even if there are more than one Set command for the same function. After
all Set commands are executed, the plug-in is made a talker and the results
of the Query commands are executed in sequence. If more than one query for
the same programmable function is received, all but the last occurence of
that query is ignored.

To demonstrate the effect of multiple Sets and Queries in the same
message, consider the following:

MOD PPA; MOD?; MOD NOR; MCD?

Executing the above message first sets the triggering mode to Peak-tc-Peak

Auto mode momentarily. Then, without further delay, the triggering mode
is returned to normal as the next Set command is executed. With both Set
commands executed, the queries are then executed. Since the MOD? query
occurs twice, only the second occurence is honored. When the plug-in is
made a talker, the following output is seen:

MOD NOR
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Query Responses. The TB90P responds to a query by sending the status
of the queried function at the time of the response rather than at the
time the query is received. A query remains valid (if the plug-in is made

a talker, it will return the requested status) until one of the following
occurs:

1) the plug-in is made a talker and sends the requested status.

2) a later message unit contains the same query (in this case the
old query is cleared and replaced by the new one).

3) a DCL (Device Clear interface message) is received.

This allows you to mix Set and Query commands without regard to where the
query is in the message. For example, executing:

SLO POS; SLO?; SLO NEG
causes a response of:

SLO NEG
Similarly, executing:

MAG ON; SET?; MAG OFF
results in an output such as:

T/D 1.E-6;
POS -0.20;
HOL 1T;

MAG OFF;
MOD NOR;
CPL AC;
LEV -6.4;
EOS OFF;
SLO NEG;
SRC INT

Notice that in each case, the result of the query is valid as theough it
was included last in the message.
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Low-Level Messages

All of the programmable functions of the TB90P can be set or queried
by a low-level language that is completely redundant to the high-level
language. The low-level code merely provides an alternative method of
communication that requires less bus time for programming the plug-in
because data is moved in fewer bytes. Also, the language is decoded faster.

Unlike the high-level language which allows Set and Query commands
to be combined in the same message, the low-level language requires that
Sets and Queries be entered as separate messages. However, it is possible
to set or query more than one function in the same message, provided certain
rules of syntax are followed.

The following conventions are used in discussing the TB90P low-level
code. The term "hexadecimal™ or "hex" refers to a base-16 number. Syntax
items shown inside square brackets ([]) are optional and can therefore be
omitted. Angle brackets (<>) are used to show that the enclosed argument
is a descriptive term.

NOTE

The TEKTRONIX 7912AD Programmable Digitizer has
an internal strap that allows it to gensrate an
EOI when a linefeed is detected. If the T912AD
is strapped in this way and a 7TBY90P is installed,
the 7TB90P low-level code will not be functional.
However, the high-level language will be
functional if all messages to the plug-in are
terminated by at least 17 spaces.

Set Messages
Both Set and Query messages are implemented in low-level code. The

format of a Set message is as follows, where each line is a separate 8-bit
byte representing a hexadecimal number:
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15
<{address>
{data>
{data>

<checksum>

The hex 15 (ASCII NAK character) identifies this message as a low-level
Set message. The <address> byte specifies the starting address in 7B90P
memory for storing the <data> byte(s) which follow(s). The <address> byte
corresponds to a particular programmable function and the first J{data>
byte corresponds to the setting of that function. (See Table 3-2 for the
"hexadecimal"” codes corresponding to various functions and their settings).
The allowable range fcr the starting address is 0@ to hex @C. This address
is automatically incremented between <data> bytes if more than one <data>
byte is sent. If the address is automatically incremented beyond @C by
sending too many bytes, the extra bytes are ignored. If arguments other
than the ones specified in Teble 3-2 are sent, the 7TB90P may be set to an
illegal operating mode, but no damage will result.

The checksum is the 2's complement of the modulo-256 sum of all the
preceding bytes of the message (including the 15 and address byte). Therefore
the modulo-256 sum of all bytes in the message, including the checksum,
is zero (for a correctly transmitted block).
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TABLE 3-2a

7B90P LOW-LEVEL (HEXADECIMAL) CODES

ADDRESS | DATA DESCRIPTION
0g Plug-in Type. (read only)
9@ Any data other than hex 90 written to this
address causes 2 command error.
@1 Hold-0Off
XX Range @@ to FC, low two bits must be zero
@2 Position
XX High bits
@3 Position
XX Low bits. Position range moves center of sweep
-6.29 divisions (@@ 0@) to +6.4 divisions (@3 FF).
Center screen = @2 @@. Step size = 0.0125 divisions.
@u Sweep Magnifier!
0[] Magnifier Off
@8 Magnifier On
@5 Sweep Reate
XX High bits, see Table 3-2b
@6 Sweep Rate
XX Low bits, see Table 3-2b
a7 Trigger Level
XX Range = -6.4 divisions (@@) to +6.35 divisions (FF),
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ADDRESS | DATA DESCRIPTION
28 Trigger Coupling
@2 AC
@E LFR
@B HF R
28 DC
@9 Trigger Source
1@ Internal
20 Line
ce External
4g External+10
@A Trigger Slope
oo Negative
@8 Positive
@B Trigger Mode
vl Normal
g PPA
80 Single Sweep
@c Single Sweep Arm, End-of-Sweep SRQ Enable
XX See Table 3-2c¢
FOOTNOTE

1 To set read-out and front panel, sweep rate low bits

must be changed also. If not changed, sweep is still magnified,
but T/D? will return T/D error.

3-26
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TABLE 3-2b

TIME/DIV CODE

TIME/DIV MAG OFF MAG ON
500 ps - - - g1 18
1 ns - - - g1 1N
2 ns - - = @ 11
5 ns - - - a7 1
10 ns 31 15 11 15
20 ns @3 15 1@ 15
50 ns a7 15 17 15
100 ns 11 19 15 19
200 ns 12 19 14 19
500 ns 17 19 1B 19
1 s 15 12 19 12
2 s 14 12 18 12
5 s 1B 12 27 12
10 s 19 16 25 16
20 s 18 16 24 16
50 s 27 16 2B 16
100 s 25 1A 29 1A
200 s 24 1A 28 1A
500 s 2B 1A 47 1A
1 ms 29 13 45 13
2 ms 28 13 44 13
5 ms y7 13 4B 13
10 ms 45 17 49 17
20 ms uyy 17 48 17
50 ms 4B 17 Ur 17
100 ms 49 @B - - -
200 ms 48 @B - - -
500 ms 4F 9B - - -
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TABLE 3-2c¢

SINGLE-SWEEP, EOS CODE

CODE DESCRIPTION
xxx0@ xxxXX Single Sweep Arm (write only).
PXXX XXXX Enable End-of-Sweep SRQ (write only).
1XXX XXXX Disable End-of-Sweep SRQ (write only).
00xx ¢O0Q End-of-Sweep SRQ Enabled (read only).
10xx G000 End-of-Sweep SRQ Disabled (read only).
x@0x 9000 Sweep Triggered (read only).
x@1x 0000 Sweep Not Triggered (read only).
x0x0 0000 Single Sweep Armed (read only).
x0x1 00090 Single Sweep Disarmed (read only).

To compute the checksum, required as the last byte of a low-level
Set or Query message, do the following:

1) Find the hexadecimal (base-16) sum of the preceding bytes
of the message.

2) If the sum found in step 1 is greater than hex FF (2564g),
convert it to modulo-256 by successively subtracting FF
until the remainder is less than FF but greater than 0.

3) Convert the remainder from step 2 to binary representation.

4) Find the 2's complement by complementing all bits and

adding 1.

5) Convert the resulting number back to hexadecimal represent-
ation, if desired.

Computing the Checksum
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To determine what <{data> and <address> bytes are required to set a
particular operating parameter, refer to Table 3-2. For example, let's
suppose you wanted to set the triggering slope of the 7B90P to negative.
By looking at the table, you note that the address of the trigger slope
switeh is @A and the value corresponding to negative slope is @@. Thus the
following hexadecimal numbers should be entered in sequence to effect
negative-slope triggering:

15
@A
(1]
E1

The last byte sent (E1) is the 2's complement of the modulo-256 sum of the
preceding three bytes (hex 1F).

Consider another example. Suppose that we want to set the feollowing
trigger parameters via the low-level code:

trigger level: -6.4 divisions
trigeer coupling: DC

trigger source: internal

trigger slope: positive

trigger mode: Peak-to-Peak Automatic

To effect these settings, the following hexadecimal numbers must be sent
over the Data lines in the sequence listed:

15
"X
0o
@8
1@
@8
Lo
84

The explanation for the above numerical sequence is as follows: First a
15 is sent to indicate the beginning of a low-level Set message. Next, =2
@7 is sent which is the address corresponding to the TBGOP trigger level.
The @@ which follows sets the trigger level to -6.4 divisions as showm in
Table 3-2a. The rest of the numbers in the sequence (@8, 10, 08, and 4@)
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correspond to DC trigger coupling, internal trigger sources, positive trigger
slope, and PP AUTO triggering mode, respectively. The last number in the
sequence (84) is the checksum.

When setting more than one programmable function with the same low-level
Set message, it must be remembered that the address counter of the plug-in
is incremented automatically if more than one data byte is sent. Thus the
data bytes must be entered in sequence such that they correspond to the
incremented address counter. In other words, successive Set codes can be
entered only if they correspond to the normal sequence of the address
counter as listed in Table 3-2a. If they do not correspond, then more than
one low-level Set message must be used to set more than one programmable
function.

Query Messages

Using the same syntax notation as just used for Set messages, the
format of a low-level Query message can be defined as:

1
<address>
[<count>]
<checksum>

The hex 11 (ASCII DCI character) identifies this message as a low-level
Query message. The <address> byte specifies the first address in TB9OP
memory to be read. The <count> byte specifies the number of addresses to
be read. The <address> byte corresponds to a particular programmable
function and the <count)> byte designates how many successive functions are
to be queried (see Table 3-2). If <address> and <count> are both omitted,
all addresses are read beginning with address zero. If just <count)> is
omitted, only the address specified is read (count defaults to 1).

If the address specified is within range (@@ to hex @C), but <count>
is too large, no error is reported; however, the output line includes data
only up to and including @C.

The checksum is always required and is computed in the same manner

as for the Set message. That is, the checksum is the 2's zomplement of the
modulo-256 sum of all the preceding bytes in the message.
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To determine what <address> byte should be used in a particular Query
message, refer to Table 3-2. If no <count> byte is included, the specified
<address> byte will determine the programmable function to be queried. If
a <count> byte is included, the <address> byte determines the first function
to be queried, and as the address counter is incremented, additional
functions following the first one queried are also queried.

As an example, suppose you wanted to query one function -- the setting
of the sweep magnifier switch. In this case, no <count> byte is necessary
and thus the following sequence of hexadecimal numbers would work:

1"
o4
EB

The 11 identifies this message as a low-level query. The number following
(4) is the address that contains the current setting of the sweep magnifier
switch. Finally, the EB is the 2's complement of the modulo-256 sum of the
preceding two bytes (hex 15). When the plug-in is made a talker, the setting
of the sweep magnifier switch will be returned.

The response to a low-level Query message looks identical to a
corresponding low-level Set message. For instance, if the setting of the
sweep magnifier is queried as in the preceding example, a response like
the following hexadecimal numbers could be obtained:

15
au
28
DF

The 15 designates a low-level query response. The @4 is the <address> byte
corresponding to the sweep magnifier, and the 08 is the <data> byte
corresponding to the OFF position. DF is the checksum.

Consider another example. This time let's query the state of the
trigger source, trigger slope, and trigger mode switches. Since these
switches correspond to consecutive addresses in Table 3-2, we can query
all three settings in a single low-level Query message consisting of the
following hexadecimal numbers:
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1
@9
@3
E3

As in the previous example, the 11 identifies this message as a low-level
query. The @9 which follows is the starting address in 7BY0P memory that
will be queried; it corresponds to the source of the trigger signal (i.e.
internal, line, external, or external+10). The @3 indicates that the address
counter is to be incremented twice so that two more functions can be
queried. These two successive functions are the trigger slope and trigger
mode switches, corresponding to addresses @A and OB respectively. The
message ends with the checksum E3.

The response to the above multiple-guery message might be the following
hexadecimal numbers:

15
@9
10
@8
4o
8A

Again, the 15 indicates a response to a low-level query, and the @9 indicates
the starting <address> byte -- which corresponds to the trigger source.

The next three bytes (10, @8, 40) indicate that the trigger source is
internal, the trigger slope is positive, and the trigger mode is Peak-
to-Peak Automatic. The 8A is the checksum.

As a final example, consider the following low-level query:

1
EF

This query contains only the query designator (11) and the checksum (EF).
Since the <address> and <count> bytes were both omitted, the state of all
functions will be queried (addresses @@ through @C inclusive). This is
analagous to high level SET? query which indicates all states of the plug-in
when the plug-in is made a talker.
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Transmitting Messages

The discussion so far has centered around the syntax of the high-level
and low-level messages, rather than the process by which these messages
are transferred from talker to listener and vice versa. When special driver
software is being used, it is sufficient to know only the message syntax
since most of the details of message transfer are handled automatically
by the software. However, when using controllers for which driver software
is not available, it is necessary to know something about the message
protocol discussed in the IEEE 488 standard. The following information
will provide these details by showing the states of the interface signal
lines for typical message transfers.

Transmitting Set Messages

First, consider the case where a talker is transmitting a message to
effect a certain front-panel setting on the 7B90P. Here is a summary of
the steps involved:

1) Clear the bus. Before initiating any message transfer, it is a good
idea to clear the bus of any previously assigned talker and/or listener(s).
(In some cases, such as immediately following power-up, this step won't

be necessary since no talker or listener will have been assigned.) To
remove any talker or listener, the controller asserts ATN and sends the
UNT and UNL interface messages on the Data lines. (According to Appendix

E of the IEEE U88 standard, UNT corresponds to hexadecimal 5F and UNL
corresponds to hex 3F.)

2) Assign the talker and listener(s). Before communication of device-
dependent messages can occur, the controller must designate which device
is to talk and which device(s) are to listen. This is done with ATN still
asserted. To designate the talker, the controller sends the primary talk
address (MTA) of that device. This is followed by the talker's secondary
address (MSA) if secondary addressing is employed. Similarly, the controller
designates the listener (the 7B90P in this case) by placing its primary
listen address (MLA) on the Data lines. This must alsc be followed by the
secondary address (MSA) of the listener since secondary addressing is
employed in the 7TB90P. The process is repeated for each listener on the
bus, although some listeners may not have secondary addresses.
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If the ATN signal line is continuously asserted during the period
when the talker and listener(s) are assigned, the order in which the talker
and listener(s) are assigned is unimportant.

In the case where the controller is to be the talker, it must have
addressed itself as such and any other talkers must be idle. (Its talk
address does not need to be sent over the bus.)

3) Send the device-dependent message. With the talker and listener(s)
assigned, the ATN line is now unasserted to initiate transfer of the
device-dependent message.

In the case of a high-level message, each ASCII character of the
message is transferred in sequence according to the previously explained
syntax. Only lines DIO1 through DIO7 of the Data Bus are used. DIO1
corresponds to the least-significant bit of each 7-bit ASCII character and
DIO7 corresponds to the most-significant bit. Line DIO8 of the Data Bus
is a "don't care" bit. As each character is transferred over the Data Bus,
the entire handshake cycle is executed. This guarantees proper reception
of each character before permitting a new character to be transmitted.

In the case of a low-level message, the process is similar except
that all eight Data lines (DIO1 through DIO8) are used for transferring
the message. Lines DIO1-4 transfer the low-order hexadecimal digit and
lines DI05-8 transfer the high-order hexadecimal digit. The handshake
sequence is essentially the same as for the high-level message.

4) Terminate the message. As the last character or digit of the message

is sent, the talker asserts the EOI signal line along with the data byte.
This is to inform the controller that the talker is finished so that other
operations can begin. (All Tektronix instruments functioning as talkers
assert EQI automatically when outputting the last data byte of the message,
but this is not necessarily true of instruments from other manufacturers

-- particularly those designed prior to the formal release of IEEE 488-1975.)

5) Clear the bus. Though step 4 actually terminates the message transfer,
it is often desirable to clear the bus of talker and listener(s) so that
other operations can proceed immediately. The procedure for doing this is
identical to step 1.

As an example of the above steps, assume that the controller is to
effect two front-panel settings on a TBGOP: the trigger slope will be set
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to positive, and the trigger mode will be set to Peak-to-Peak Automatic.
(The plug-in is installed in a 7912AD mainframe set for a primary address
of 90PP@ and a secondary address of @@@10.) The following steps would
accomplish this:

1)

2)

3)

4)

5)

The controller asserts ATN, then transmits hexadecimal 5F (UNT)
and hex 3F (UNL) over Data lines DIO1 through DIOT7.

With ATN still asserted, the controller sends hex 20 (the MLA

of the mainframe) followed by hex 64 (the MSA of the TB90OP) on

the Data lines. Recall from the subsection on Addressing the
TBY0P that the MSA of the TBY90P is that of the mainframe plus 2.
Since the controller is to be the talker, no talk address is sent.

a) In the case of a high-level message, the talker (controller)
transmits each of the following ASCII characters over the Data
lines:

SLO POS; MOD PPA

b) In the case of a low-level message, the following hexadecimal
bytes are transferred over the Data lines:

15
@A
28
Lo
99

As the last character or hex byte is transmitted, the talker
asserts EOI indicating the end of the message.

The controller again clears the bus by transmitting S5F (UNT)
and 3F (UNL) over the Data lines.

Figure 3-4 illustrates the above sequence more graphically.

Figure 3-4 does not indicate the status of the IFC, REN, and SRQ
signal lines because they are relatively unimportant to the point being
made. However, it should be understood that the REN (Remote Enable) line
is continuously asserted whenever the plug-in is being operated under
remote (program) control, as opposed to local (front-panel) control. The
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N L

UUMM S LO<sp>POS;MOD<sp>PPA UU
(a) HIGH-LEVEL DIO1-7 NNLS & NN
TLAA T L
= il
1) uU M M
In the above diagram, N and N represent the UNTalk and UNListen commands. L and S represent the Listen
T L A

Address and Secondary Address, respectively. The remainder of the message is coded in ASCII.

il L

" 5326 1004
(b) LOW-LEVEL DIO1-7 FFO4 5AGB80

9
9
EOI u
In the above diagram, i and f__ are the UNTalk and UNListen commands; g and gare the Listen

Address and Secondary Address, respectively. All of the message is coded in hexadecimal.

2309-01

Fig. 3-B. Status of the ATN, E0OI, and DIO signal lines during
a high-level (a) and low-level (b) Set message.

IFC line will normally be unasserted during the entire secuence. The SRQ
line can be asserted whenever a device requests service. However, it is
not relevant to the process of data transmission diagrammed in Fig. 3-4
and is not shown.

While the handshake lines (DAV, NRFD, and NDAC) are important in the
transmission of messages and data, their status changes several times
during the transmission of each character in the message. Appendix B of
the IEEE U488 standard gives a detailed description of this handshake cycle.
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Transmitting Query Messages

The previous sequence describes the process for transmitting a Set
message -- in which case the plug-in is always a listener. A similar
sequence occurs when a Query message is sent to the plug-in. However, in
this case the plug-in is first made a listener so that it can receive the
Query message; then the plug-in is made a talker so that it can transmit
its response to the query. Here is a summary of the steps involved:

1) Clear the bus. As previously noted, this step is not always necessary
but is good practice. The controller asserts ATN and sends UNT (hex 5F)
and UNL (hex 3F) over the Data lines.

2) Assign the talker and listener(s). The controller designates which
device is to send the query and which device or devices are to receive the
Query message. This is done with ATN still asserted. To designate the
talker, the controller sends the primary talk address (MTA), followed by
the talker's secondary address (MSA) if secondary addressing is used for
that device. Similarly, the controller designates the listener (the 7B90P
in this case) by sending its primary listen address (MLA) and secondary
address (MSA). This process is repeated for each listeaer on the bus.

When the controller is to be the talker, it must have addressed itself
as such and any other talkers must be idle. (Its talk address does not
need to be sent over the bus.)

3) Send the device-dependent query. With the talker and listener(s) assigned,
the ATN line is now unasserted to initiate transfer of the device-dependent
query. Each ASCIT character or hex byte of the message is transferred in
sequence over the Data lines according to the previously explained syntax.

4) Terminate the query. As the last character or digit of the high-level
query or series of queries is sent, the talker asserts EOI along with the
message byte. This informs the controller that the talker is finished so
that the query response can proceed.

5) Clear the bus. At this point it is necessary to clear the bus so that
the plug-in can be addressed as a talker. Again, this is done by the
controller asserting ATN and by sending the UNT and UNL interface commands
over the Data lines.
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6) Assign the talker and listener(s). With ATN still asserted, the controller
now assigns the plug-in as a talker and assigns any additional listeners.

If the controller is to be the only listener, it does not need to address

itself as a listener.

7) Send the device-dependent gquery response. The ATN line is now unasserted
by the controller to initiate transfer of the query response from the

talker (plug-in) to any designated listener(s). Each ASCII character or

hex byte of the query response is transmitted over the Data lines according

to the previously described syntax for a query response.

8) Terminate the query response. As the last character or digit of the
query response is sent, the talker (plug-in) asserts EOI along with the
data byte, thereby indicating the end of the response.

9) Clear the bus. Though not required for this operation, the controller
can now clear the bus of talker and listener(s) so that further operations
can proceed.

As an example of the above steps, assume that the controller is to
query and receive the status of two front-panel functions on the TB90P:
the sweep magnifier and the time/division settings. (The plug-in is installed
in 2 7912AD mainframe set for a primary and secondary address of @@@11.)
The following steps describe the operations involved:

1) The controller asserts ATN, then transmits hexadecimal 5F (UNT)
and 3F (UNL) over the Data lines, thereby clearing the bus.

2) With ATN still asserted, the controller transmits hexadecimal
23 (the MLA of the mainframe) followed by hex 65 (the MSA of the
7TBO0OP) over the Data lines. This assigns the 7B90P as a listener.
2) a) In the case of a high-level message, the talker (controller)
transmits each of the following ASCII characters over the Data

lines:

MAG?; T/D?
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b) In the case of a low-level message, the following hex bytes
are transferred over the Data lines:

11
oY
23
E8

4) As the last character of the query is transmitted, the talker
(controller) asserts EOI.

5) The controller clears the bus of talkers and listeners by
asserting ATN and sending hex 5F and 3F on the Data lines.

6) With ATN still asserted, the controller transmits hexadecimal
43 (the MTA of the mainframe) followed by hex 65 (the MSA
of the TB90P) over the Data lines. This assigns the 7B90P
as a talker.

7) The talker (7B90P) now sends its query response to the
listener (controller).

8) As the last character of the query response is transmitted,
the talker (7B90P) asserts EOI.

9) The controller again clears the bus by asserting ATN and
sending hex S5F and 3F.

Figure 3-5 illustrates the state of the ATN EOI, and Data lines for
the above sequence and a typical query response.
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A I R I

DIO1-7 UUMM MAG?;T/D? UUMM MAG<sp>OFF;<cr><Il>T/D<sp><sp>1E-6 UU
NNLS NNTS NN
TLAA TLAA TL

EOI U —U

u u MM M

(a) HIGH-LEVEL. In the above diagram, N and N represent the UNTalk and UNListen commands. L, T, and S represent the
T L A A A

Lislen Address, Talk Add and S dary Add , respeclively. The remainder of the Query message and response is

coded in ASCII.

DIO1-7 § 326 100E 5346 10011C 5 3
FF35 1438 FF35 54052089 F F

EO! U

(b) LOW-LEVEL. In the above diagram, 2 and :an the UNTalk and UNListen commands. i. ;. and: are the Listen Address,

Talk Address, and Secondary Address, respectively. All of the above Query ge and resp is coded in hexadecimal

—

2309-52

Fig. 3-5. Status of the ATH, EOI, and DIO signal lines during a high-
level (a) and low-level (b) Query message and response.
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Serial-Poll Responses

The 7B90P reports any of the following errors or special conditions
when polled by the controller:

1) Power on

2) Command error
3) Execution error
4) End-of-sweep

5) Busy

If any of the above conditions (except Busy) occurs, the TB90P asserts the
SRQ line to initiate a serial poll. The controller, if programmed to do
so, can then process the interrupt and provide an appropriate response.
The following is a detailed description of each of the five conditions:

1) Power on: Occurs whenever the plug-in goes through its initialize
sequence, either at the time that power is first applied, or when it is
reapplied following momentarily interruption.

The serial-poll response byte is @10x0@@1, where x is a 1 if the 7B90OP
is busy, and a @ otherwise.

2) Command error: Occurs whenever the plug-in cannot understand or
implement the data it receives.

Command errors detected for low-level messages are: (a) the message
is more than 16 bytes long, (b) the modulo-256 sum of all bytes in the
message is not zero, (c) the starting address is too large, (d) no address
is supplied with a Set message, or (e) an attempt was made to set address
@ (plug-in type) to the wrong value.

Command errors detected for high-level messages are: (a) syntax is
incorrect, (b) a Set command refers to a read-only function, or (c) message
units are not recognized by the TBYOP.

If an error is detected in a low-level message, the TBYOP ignores the
entire command line. If the error is a low-level query address out of
range, the output queue is cleared (i.e. if there are any query-responses
pending, they are cleared).
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If an error is detected in a high-level message, any message unit
preceding the one with the error is processed normally. The one with the
error and any following are ignored.

The serial-poll response byte for a command error is @11x@@@1, where
X signifies the busy status.

Occasionally, the TBY90P may be addressed as a talker, but have nothing
to say. When this occurs, the plug-in sends a data byte with all Data lines
set to a logical 1 (hex FF) and EOI asserted. Also, the plug-in reports a
command error.

3) Execution error: Occurs when the numerical argument for a high-level
Set command is invalid or cut of the allowable range. The command for that
function is ignored, as are any subsequent commands in the same message.

The serial-poll response byte for this type of programming error is
@11x0010, where x =signifies the busy status.

4) End of sweep: Occurs at the end of sweep in the single-sweep mode
if the End-of-Sweep SRQ has been enabled.

The serial-poll response byte is 110x00@001, where x signifies the busy
status.

5) Busy: Occurs when a serial poll is performed while the plug-in is
decoding a command; the response is xxx1xxxx. When not busy, the response
is xxx0@ xxxx (x is a "don't care" bit). The plug-in will not accept data
on the bus while reporting busy.

The TBY0P queues power-up, command error, and execution error reports.
If two or three conditions are waiting to be reported, SRQ is reasserted
after reporting one error to indicate that there is more to report.

If an error is found in a high-level command string, SRQ is not

asserted and the error is not reported until the message has been completely
received (i.e. a byte with EOI asserted is received).
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SECTION 4

MAINTENANCE

This section contains maintenance information for use in preventive
maintenance, corrective maintenance, and troubleshooting of the T7B9OP.

Further maintenance information relating to general maintenance can
be found in the instruction manuals for the 7000-series mainframes.

Preventive Maintenance

Preventive maintenance, consisting of cleaning, visual inspection,
ete., performed on a regular basis, will improve the reliability of this
plug-in unit. Periodic checks of the semiconductor devices used in the
unit are not recommended as a preventive maintenance measure. See
semiconductor-checking information given under Troubleshooting.

The severity of the environment to which this instrument is subjected

determines the frequency of maintenance. A convenient time to perform
preventive maintenance is preceding adjustment of the instrument.

Cleaning

)

CAUTION

Avoid the use of chemical cleaning agents
which might damage the plastics used in
this unit. In particular, avoid chemicals
that contain benzene, toluene, xylene,
acetone, chlorothane, or similar chemicals.

Exterior. Loose dust may be removed with a soft cloth or a dry brush.
Dirt that remains can be removed with a soft cloth dampened with a mild
detergent and water solution. Abrasive cleaners should not be used.

Interior. Dust on the interior of the unit should be removed occasionally

due to its electrical conductivity under high humidity conditions. Cleaning
the interior of the unit should precede calibration, since the cleaning
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process could alter the settings of the calibration adjustments. Use low-
velocity compressed air to blow off the accumulated dust. Hardened dirt
can be removed with a soft, dry brush, cotton-tipped swab, or cloth dampen
with a mild detergent and water solution.

Visual Inspection

This instrument should be inspected occasionally for such defects as
broken connections, improperly seated semiconductors, damaged circuit
boards, and heat-damaged parts.

The corrective procedure for most visible defects is obvious. However,
particular care must be taken if heat-damaged components are found.
Overheating usually indicates other trouble in the instrument; therefore,
it is important that the cause of overheating be corrected to prevent
recurrence of the damage.

Lubrication

There are no components in this instrument that require a regular
lubrication program during the life of the instrument.
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Troubleshooting

The following is provided to augment information contained in other
sections of this manual when troubleshooting the 7B90F. The schematic
diagrams, circuit description, and calibration sections should be used to
full advantage. Section 5 gives detailed information cn circuit behavior.

Troubleshooting Aids

Schematic Diagrams. Schematic diagrams are provided on foldout pages
in Section 8. The circuit number and electrical value of each component
are shown on the diagrams. Power supply voltages are also shown. Components
that are mounted on circuit boards are outlined on the diagrams with a
heavy black line.

Circuit-Board Illustrations. Illustrations of circuit boards are shown
opposite the schematic diagrams. Each board-mounted electrical component
is identified by its circuit number.

Component-Locator Grids. Schematic diagrams and circuit-board
illustrations are bounded by component-locator grids. When used with the
associated lookup tables, these grids allow you to quickly locate a component
on either the schematic or the circuit board.

Component and Wiring Color Code. Colored stripes or dots on resistors
and capacitors signify electrical values, tolerances, etc., according to
the EIA standard color code. Components not color coded usually have the
value printed on the body.

The insulated wires used for interconnection in the 7B90P are color
coded to facilitate tracing wires from one point to another in the unit.

Semiconductor Lead Configuration. The lead configurations of the
semiconductor devices used in this instrument are shown in Fig. 4-1.

Rear Interface Connector Pin Locations. The TB90OP SWEEP board couples

the plug-in to the associated mainframe. Figure 4-2 identifies the pins
on the interface connector as shown on the schematiec diagrams.
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NOTE
LEAD CONFIGURATIONS AND CASE STYLES ARE TYPICAL, BUT MAY SINGLE
VARY DUE TO VENDOR CHANGES OR INSTRUMENT MODIFICATIONS. —
i INDEX
b

| |__LIGHT EMITTING __ | | METALCASE __ |
L sIGNAL DIODE DIODE (L.E.D.) TRANSISTORS

INDEX
i \
|'.' b
c E G Il Us . g
L G S
B D 8
l PLASTIC CASE ] L PLASTIC CASE J |_ DUAL METAL _|
TRANSISTORS FETS CASE FET

L INTEGRATED CIRCUITS J
1986-66A

Fig. 4-15. Semiconductor lead configurations.
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)

1986-69

Fig. 4-2. Location of pin numbers on interface connector.

Troubleshooting Equipment
The following equipment is useful for troubleshooting the TB9OP.

1) Semiconductor Tester -- Some means of testing the transistors,
operational amplifiers, comparitors, diodes, and FET's used in this
instrument is helpful. A transistor-curve tracer such as the TEKTRONIX
Type 577-177 or 577-178 will give the most complete information.

2) Multimeter -- A voltmeter is required for checking voltages within
the circuits, and an ohmmeter for checking resistors and diodes. The
voltmeter should have an input impedance of at least 10 megohm, a range
of at least 0 to 50 volts DC, and an accuracy of 0.01%. The ohmmeter should
have a range of 0 to 20 megohms.

3) Test Oscilloscope -~ A test oscilloscope (with DC-100 MHz bandwidth)
is required to view waveforms at different points in the circuits. A
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TEKTRONIX 7000-series Oscilloscope equipped with a readout system, 7D13

Digital Multimeter unit, 7B-series Time-Base unit, and a TA-series Amplifier
unit with a 10X probe will meet the needs of both items 2 and 3.

4) Plug-in Extender -- This fixture permits operaticn of the TBYOP
outside of the plug-in comparment for better accessibility during
troubleshooting. Order TEKTRONIX Part Number 067-0589-00.

Troubleshooting Procedure

This troubleshooting procedure is arranged in an order which checks
the simple trouble sources before proceeding with extensive troubleshooting.
The first few checks ensure proper connection, operation, and adjustument.
If the trouble is not located by these checks, the remaining steps aid in
locating the component. When the defective component is located, it should
be replaced using the replacement procedure given under Corrective
Maintenance.

1) Check Control Settings. An incorrect setting of the 7TB90P controls
can indicate a problem that does not exist. If there is any question about
the correct function or operation of a control or front-panel connector,
refer to the operating instructions provided in Section 2.

2) Check Associated Equipment. Before proceeding with troubleshooting
of the 7B90P, check that the equipment used with this instrument is operating
correctly. If possible, substitute a time-base unit known to be operating
correctly into the mainframe and see if the problem persists. Check that
any interconnecting cables are not defective.

3) Visual Check. Visuvally check the portion of the instrument in which
the trouble is suspected. Many problems can be located by visual indications
such as unsoldered connections, broken wires, damaged circuit boards,
damaged components, or components bent over and touching other parts or
circuit board runs.

4) Check Instrument Adjustment. Check the adjustment of the unit or
the affected circuit by performing the Performance Check in Section 6. The
apparent trouble may only be a result of mis-adjustment and may be corrected
by calibration. Complete calibration instructions are given in Section 6.
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5) Isolate Trouble to a Circuit. To isolate trouble to a circuit,
note the trouble symptom. The symptom often identifies the circuit in which
the trouble is located. When trouble symptoms appear in more than one
circuit, check the affected circuits by taking voltage readings. Incorrect
operation of all circuits sometimes indicates trouble in the power supply.

After the defective circuit has been located, proceed with step 6 to
locate the defective components.

6) Check Individual Components. The following methods are provided
for checking the individual components. Components which are soldered in
place are best checked by disconnecting one end to isolate the measurement
from the effects of surrounding circuitry.

AT aT AT A e e

E CAUTION g

A oW oS

To avoid component damage, disconnect the
power source before removing or replacing
semiconductors.

NOTE

To locate intermittent or temperature sensitive
components mounted on the circuit boards, Quik
Freeze (Miller Stephenson, MS-240, TEKTRONIX
Part Number 006-0173-01) is recommended. Dry
ice or dichloro-difluoromethane (Freon 12,
Dupont or Can-0-Gas) may also be used.

A) TRANSISTORS. The best check of transistor operation is actual
performance under operating conditions. Transistors that are soldered to
the circuit board should first be checked in-circuit using a dynamic
transistor tester; then a replacement can be substituted to further verify
that the old transistor is bad. Socketed transistors can be checked
immediately by substituting a known good component; however, be sure that
circuit conditions are not such that a replacement might also be damaged.
If substitute transistors are not available, check the old transistor
out-of-circut using a2 dynamic tester (such as the TEKTRONIX Type 5T77-17T7).
Statie-type testers may be used, but since they do not check operation
under simulated operating conditions, some defects may go unnoticed. Be
sure the power is off before attempting to remove or replace any transistor.
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B) INTEGRATED CIRCUITS. Analog IC's such as comparitors and operational
amplifiers can usually be checked in-circuit with a voltmeter or test
oscilloscope. An understanding of the device and circuit operation is
essential for this type of troubleshooting. (For example, an op amp can
be tested by measuring the input and output circuit voltages and comparing
this ratio to the ratio of input and feedback resistors.) Analog IC's that
are socketed can also be checked out-of-circuit using a dynamic tester
such as the TEKTRONIX 577-178.

Digital IC's are best checked in-circuit using a logic probe or
voltmeter. Use care when checking voltages and waveforms around DIP
(Dual-In-line-Package) IC's so that adjacent leads are not shorted together.
A convenient means of connecting a test probe to 14- and 16- pins IC's is
with an IC test clip. This device also doubles as an extraction tool.

C) DIODES. A diode can be checked for an open or shorted condition
by measuring the resistance between terminals with an ohmmeter set to the
R X 1k scale. The diode resistance should be very high in one direction
and very low when the meter leads are reversed. A diode can also be tested
with a dynamic tester (transistor curver tracer).

B e
{EA UTION g

Do not use an ohmmeter scale that has
a high internal current. High currents
may damage the diodes under test.

D) RESISTORS. Check resistors with an ohmmeter. Resistor tolerance
is given in the Electrical Parts List. Resistors normally do not need to
be replaced unless the measured value varies widely from the specified
value.

E) CAPACITORS. A leaky or shorted capacitor can be detected by checking
resistance with an ohmmeter on the highest scale. Use an chmmeter that
will not exceed the voltage rating of the capacitor. (Be careful to observe
correct polarity when checking electrolytic capacitors.) The resistance
reading should be high after initial charge of the capacitor. An open
capacitor can best be detected with a capacitance meter, or by checking
whether the capacitor passes AC signals.

7) Repair and Readjust the Circuit. Special techniques required to
replace compornents in this unit are given under Component Replacement. Be
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sure to check the performance of any circuit that has been repaired or
that has had any electrical components replaced. Recalibration of the
affected circuit may be necessary.

Specific Troubleshooting Information

The following information provides provides an aid to troubleshooting
parts of the analog circuitry and the microprocessor system. This information
is provided as a guide to troubleshooting the instrument; it is not intended
to be a complete troubleshooting procedure. Before troubleshooting the
instrument, an understanding of the circuit operation is required. Refer
to the Circuit Description for a discussion of the circuit operation.

The following information is provided as an aid to troubleshooting
only; it is not intended as a complete troubleshooting procedure.

Analog Circuits. Some of the transistors in the TB9OP are mounted in
sockets to allow feedback loops to be opened as an aid to trouble-shooting.
For example, when QU406 (part of the sweep-start current switch -- see
schematic 2) is removed, the sweep ramp goes high (11 - 14 volts, measured
at the collector of QU06) and remains there. If QUO6 is replaced and QUOO
removed, the sweep ramp stays low. The hold-off start logic, gate generator
and sweep-start circuits can also be checked using this technique.

Trigger Circuits. If the trigger circuits are mal functioning, the
following steps may help to isolate the problem:

1) Measure the voltages around the trigger I.C. (U220). Pin 10 should
be near D.C. ground, with about 20 millivolts of A.C. signal.

2) One of pins 2, U4, 6, or 8 should be near ground potential. All
other pins should be held at about -2 volts. The SOURCE selected determines

which pin is grounded as follows:

SOURCE GROUNDED PIN

LINE 2
EXT it
EXT +10 6
INT 8
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DS348 and DSUUO provide a visual indication of the selected source
and check the operation of the associated biasing circuit. The LED's should
be 1lit as follows:

SOURCE LEDS ON

LINE DS348, DS4L0
EXT DS 440
EXT +#10 DS348
INT DS348, DS440

3) Check the levels on pin 1 of U240. When + SLOPE is selected, pin
1 should be at about 0.5 volts. When - SLOPE is selected, the pin should
be at about 4 volts.

Sweep Generator. Trouble in the sweep generator may be isolated using
the following steps:

1) For the sweep to run, a GATE input to Q262 or AUTC SENSE to Q264
must be present. If either of these signals are present and there is no
sweep, pull Q406 from its socket and check the voltage at TP422. The voltage
should be about +5 volts. If not, check Q512, U110, and the associated
components.

3) Remove Q400 and measure the voltage at the juncticn of R512 and
R514. The voltage should be near ground.

4) DS001 and DS008 provide a visual indication of the state of the
1, 2, 5 voltage reference (U110). For example, when a multiple of 2 sweep
speed (e.g. 2 milliseconds/division, 20 microseconds/division, ete.) is
selected, DS001 and DS008 are both on. The LED states for 1, 2, and 5 sweep
speed steps are shown below.

SWEEP SPEED LEDs LIT

STEP

1 DS008

2 DS001, DS008
5 NONE
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Readout Circuits. U1000 accepts digital signals from the microprocessor
and the time-slot counter and generates the analog row and column current
that is sent to the mainframe. The levels on pins 4 and 5 of U1000 select
the sweep speed symbol (milliseconds, microseconds, nanoseconds, or
picoseconds) as shown below:

U1000 PIN NO.

y 5
ms 1 1
us. 1 0
ns. O 1
ps. O 0

(1 = high == +5 volts)
Pins 8 and 9 select the number of zeros in the readout. For example,
a readout with two zeros (100, 200, 500) pin 8 is low and pin 9 is high.

The levels on pins 8 and 9 are shown in the following table:

U1000 PIN NO.

8 9
1,2,5 1 1
10,20,50 1 0
100,200,500 0 1

Pins 11 and 13 select the 1, 2, or 5 multiplier for the readout. The
levels are summarized in the table below:

U1000 PIN NO.

11 13
1 1 1
2 1 0
5 0 1

Pins 14, 15, 16, and 17 are the time-slot count inputs from U1005.
U1005 counts the time-slots in a straight binary sequence and provides
time-slot input to U1000.
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Microprocessor System. If the 7TB90P fails to power-up in the correct
state, the following procedure provides an aid to locating the fault without
special microprocessor service equipment,

1) Measure all the supply voltages. If they are out of tolerance,
the power-up circuit in the plug-in will not initialize the micro-processor
system correctly. Check for faults in the plug-in. If none are found, check
the mainframe power supplies.

2) Temporarily remove the STOP strap, P1526, on the HORIZONTAL
PROGRAMMING board. Press any front panel button (except TERM) to cause an
interrupt and start the MPU clock. Be sure to replace the STOP strap when
you are through troubleshooting the clock circuit.

3) Check for valid two-phase clock signals at TP132 (Phase 1) and
TP130 (Phase 2). Refer to the Calibration Procedure for a discussion of
the MPU clock adjustment. If the clock signals are present, go to step
eight.

4) Check that the clock jumper strap, P130 is correctly placed on the
corr