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The TM 500 mainframe/plug-in system has set a new stan-
dard for compactness, uniformity, portability, and utility of
general-purpose instrumentation. TM 500 systems allow quicker
exchange of instruments and make it feasible to use the same set
of instrument plug-ins for rack, bench, or portable use. The idea of
being able to mix and match almost 40 instruments without pulling
plugs appeals to a lot of people. Especially where budget stretch-
ing is always a problem. Educators, for example, like being able to
quickly rotate special-purpose and high-performance units from
bench to bench or lab to lab, depending upon student needs. See
pages 133 through 168.

Tektronix Microprocessor Labs represent a significant ad-
vance in the microprocessor-based product design field because
they provide design teams with a single system to aid in every-
thing from software development to software/hardware debug-
ging and integration. A key feature is the support of major chips,
including the Intel 8085A and 8080, Motorola 6800, Texas Instru-
ments TMS9900, and Zilog Z80, with more to follow. That means
flexibility, eliminating new equipment needs for changes in chip
vendors. Equally important, you can count on Tektronix’ world-
wide service and customer-training programs. See pages 29
through 36.

Computer graphics is fast becoming a commonplace prob-
lem-solving tool in education, business, industry, and govern-
ment. Besides being able to gain special insight into complex
problems, users save time and money by being able to explore
the effects of alternate solutions right on the screen. Typical
applications range from the testing of design alternatives and
modeling ... to converting tangles of operational details to simple
graphs and bar charts. Tektronix pioneered the development of
high-quality, low-cost graphics with its proprietary storage crt
technology. Today, we're the world’s leading supplier of computer
graphics products. See pages 13 and 14p.

Cutting service costs is the idea behind the new 851 Digital
Tester. With this one portable tester, a first-line service engineer
can make many of the same measurements that have required an
oscilloscope, DMM, counter, timer, logic probe, thermometer, and
special purpose test equipment. One knob allows you to dial 22
functions that perform a wide range of system measurements,
signal analyses, and self tests. Being able to pinpoint the defec-
tive board or component the first time around should enable
service organizations to reduce spare parts inventories, and in-
crease company profits. See pages 129 through 132.

Copyright © 1978, Tektronix, Inc. All rights reserved.
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OUR NEWEST PRODUCTS

INFORMATION DISPLAY PRODUCTS
4020-Series Computer isplay Terminal

From alphanumerics to graphics. Now your
terminals can keep pace with your needs.
The 4020-Series makes easy-to-use graphics
available to the alphanumeric user. With full
alphanumerics capability, the 4020-Series
can grow into forms ruling, then into gra-
phics, all without one capability compro-
mising the other.

4907 File Manager

The new 4907 File Manager is a flexible disc,
mass storage device, designed to give the
4051 Graphic System random access file
management capability. Available in single
(shown above), double and triple disc drive
configurations, the 4907 provides up to 1.89
megabytes of user available storage.

GMA Series Displays

The new GMA Series of Computer Displays
are designed specifically for inclusion in
computer data processing systems. This
series of displays can show selected por-
tions of on-screen graphics or alphanumer-
ics in refresh mode, while the rest of the
picture remains stored.

This merger of our storage tube technology
with refresh functions enables high user in-
teractivity- without the relative high-cost core
consumption and screen flicker normally
associated with refresh display systems.

INSTRUMENTS FOR DIGITAL
MICROPROCESSOR DEVELOPMENT

DL2 and DL 502 Digital Latches
The DL2 and DL 502 Digital Latches extend
the measurement capabilities of the 7D01
and LA 501W Logic Analyzers by detecting
narrow pulses in a data stream that cannot
be captured by a logic analyzer alone. Oper-
ating in an asynchronous mode, the 16-
channel Digital Latches can detect spikes
or glitches between system clock edges that
are narrower than the sample clock interval
as as narrow as 5 ns.

In asynchronous measurements without
latching capability, high-speed data anom-
alies go undetected if they do not appear
on a clock edge. The DL2 and DL 502 Dig-
ital Latches allow you to expand the time
frame in which information can be stored by
sampling at a slower rate. The Digital
Latches capture the glitch (pulses which are
narrower than one sample interval), hold it
until the next clock edge, then expand it
to one sample interval for display.

The DL2 is used in conjunction with the
7D01 Logic Analyzer and plugs into any
compartment of a 7000-Series Mainframe.
The flexibility of the DL 502 allows it to be
used in a variety of configurations. It can be
used with the LA 501W in all TM 500 Main-
frames or as a companion to the 7D01 Logic
Analyzer. Two 25-pin connectors connect
the Digital Latches with their respective
TEKTRONIX Logic Analyzers. Data is ac-
quired via the P6451 Probes which plug into
the Digital Latch front panel.

A two position switch allows you to select
either the LATCH input mode or OFF. An
asynchronous clock input is required from
the Logic Analyzer to the Digital Latch.

DF2 Display Formatter

The DF2 is a companion plug-in to the 7D01
Logic Analyzer. It contains all the features
of the DF1 with the addition of two new
operating modes. These two new modes are
a format for IEEE 488/GPIB (General Pur-
pose Interface Bus) and ASCIl (American
Standard Code for Information Interchange).

In the GPIB mode, data is displayed in stand-
ard |[EEE 488 message mnemonics familiar
to the GPIB user. Data is acquired via a 24-
pin standard GPIB connector. The states of
the four GPIB management lines (ATN, EOI,
SRQ and REN) are displayed in GPIB mne-
monics and eight data lines are displayed

DF2 DISPLAY
FORMATTER
. . TekmowRE
by

DF2 Display Formatter

in hexadecimal or decimal. Four additional
lines of data are user definable to provide
circuit information and are displayed in
binary. This display enables you to monitor
and display activity on the GPIB data bus,
transfer bus (handshake lines) and manage-
ment bus (control lines). The DF2 is useful
in designing new GPIB compatible instru-
ments as well as in mixing and matching
different vendor equipment on the same bus.

In the ASCIl mode, acquired data can be
displayed in all 128 standard ASCII charac-
ters. Further decode of ASCII characters in
octal, hexadecimal or binary can be dis-
played at the same time-

The versatility of the DF2 permits its use
in a variety of applications. Through mon-
itoring bus activity, the DF2 can be used
in the design and debug of GPIB controls
and ‘“‘talker-listener” designs. The DF2 is
also a powerful tool for troubleshooting
systems. It allows the technician to observe
bus activity in either a timing or state mode
easing his task of solving system problems
and keeping downtime to a minimum.

Other features offered by the DF2 include
EXCLUSIVE OR and automatic data com-
parison. The EXCLUSIVE OR feature com-
pares newly-acquired 7D01 data with refer-
ence data stored in the DF2 and intensifies
the differences between the two tables on
the crt. The two automatic data comparison
features combine the EXCLUSIVE OR fea-
ture with an automatic RESET IF=feature
and compare the entire 7D01 memory to the
DF2 reference memory. Detected differ-
ences are intensified on the 7D01 display
and the location and number of resets re-
quired to detect a difference are displayed
on the crt.

The DF2 is a dedicated plug-in that attaches
to the left side of the 7D01 forming a three-
wide plug-in. This assembly operates in any
7000-Series Oscilloscope Mainframe to com-
prise a complete 16-channel logic timing-
state analyzer system.



T900-SERIES OSCILLOSCOPES

T932A and T935A

The T932A and T935A are the two newest
members of the T900 family. With these
models we've added differential and full
sensitivity X-Y capabilities, dc trigger cou-
pling, a composite trigger, and selectable
chop/alternate display modes to the
Tektronix line of low-cost portable oscillo-
scopes.

The T932A offers a 35-MHz bandwidth at
2 mV/div with variable trigger holdoff. The
T935A, identical in all these aspects to the
T932A, also has delayed-sweep capabilities.
See page 124.

DIGITAL SERVICE INSTRUMENTS

851 Digital Tester

The 851 Digital Tester simplifies digital
servicing procedures by combining many
of the functions of an oscilloscope, DMM,
counter, timer, logic probe, thermometer
and special purpose test equipment into
one 13-pound package.

With the turn of one knob, you can dial 22
functions to perform a wide range of system
measurements, signal analyses, and self
tests. All the functions are completely auto-
ranging and the indicator lights tell you
exactly what range is being used. The inter-
pretation is done for you. So a first-line ser-
vice engineer can solve more problems, in
less time, on the first call with the 851
Digital Tester.

See page 129 for further information.

TM 500 SERIES PRODUCTS
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DC 508 1 GHz Frequency Counter

The new DC 508 expands the TM 500 family
of counters to measurement capabilities up
to 1 GHz. The DC 508 operates in any TM
500 Series Mainframe and is compatible
with all existing TM 500 instruments.

A nine-digit LED display shows frequency
or totalized events from 0 to 999,999,999.
The prescaler input allows the DC 508 to
measure frequency from 75 MHz to 1 GHz,
and the direct input from 10 Hz to 100 MHz.
An audio frequency resolution multiplier
multiplies the resolution by 100 to 25 kHz.
This allows resolution to .01 Hz in 1 second.

Option 01 includes a high-stability time
base, and Option 07 also includes an inter-
face for the TR 502 Tracking Generator/
Spectrum Analyzer.

See page 138 for further information.

SC 504 80 MHz Oscilloscope

The SC 504 80 MHz Oscilloscope makes
many new TM 50C configurations possible,
especially for those applications demanding
higher bandwidth capabilities. The double-
wide SC 504 is compatible with all existing
TM 500 Plug-ins and multi-compartment
Mainframes.

The SC 504 is a general purpose, dual-trace,
non-delayed sweep oscilloscope. The SC
504 features high writing speed with a maxi-
mum sensitivity of 5 mV/div, and a maximum
sweep rate of 5 ns/div (with magnifier).
Enhanced auto triggering, trigger view, and
variable trigger holdoff make this oscillo-
scope very versatile and easy to use.

The SC 504 also features Add (CH 1 +
CH 2), differential (CH1 — CH 2), and “‘true”
X-Y modes, and also includes rear interfac-
ing capability (switchable CH 1, CH 2 and
ext trig inputs).

See page 159 for further information.

New Product Summary

CABLE TESTER PRODUCTS

1503 Option 01 Cable Tester

This newest 1500 Series TDR Cable Tester
has controls especially suited to fault lo-
cation in a variety of cables. Other changes
allow easier operation by craft level peop'e.

The 1503 Option 01 is used for testing
twisted-pair cables in telephone and other
communications applications, and can be
used for locating faults in ground-check
conductors in portable cables used to
power surface mine equipment.

For more information see page 170.




New Product Summary

SPECTRUM ANALYZER PRODUCTS
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7L18 1.5 GHz to 60 GHz
Spectrum Analyzer

The 7L18 Spectrum Analyzer covers fre-
quencies for satellite communications, ECM,
radar, and microwave relay. It offers full cali-
bration, freedom from spurious responses,
and operator ease. With 30 Hz resolution to
12 GHz, it has microprocessor-aided front
panel controls, and digital display and signal
processing.

This new member of the high-performance
plug-in spectrum analyzer family fits any
7000-Series Mainframe. For further informa-
tion see page 176.

TEKTRONIXE ®

L3-1 Plug-in Module for 7L5
Spectrum Analyzer

The new L3-1 plug-in module features a
selectable 752 input impedance, 600%, or
1 MQ/28 pF probe-compatible input.

It is one of a series of modules used with
the 7L5 to provide it with various front-end
capabilities.

For further information see page 182.

SIGNAL PROCESSING SYSTEMS

7912AD Programmable Digitizer

The new TEKTRONIX 7912AD Program-
mable Digitizer brings full programmability
of operating parameters to the world’s
fastest waveform digitizer. This means that
the 7912AD can be operated automatically
and remotely.

Operation of the 7912AD is similar to that
of an oscilloscope except that acquired
waveforms are normally output as digital
information for waveform processing rather
than being presented as crt displays. A crt
monitor can be added, however, if wave-
form display is desired.

To complete the 7912AD, the 7A16P Pro-
grammable Amplifier and the 7B90P Pro-
grammable Time Base are announced
simultaneously. Other TEKTRONIX 7000-
Series Plug-ins can be used in the 7912AD,
but their operation is not programmable.

A built-in microprocessor makes it possible
to direct the setting of scale factors and
most other controls from a remote terminal
or software program. The 7912AD is fully
compatible with the IEEE 488 bus so that
control can be exercised by a wide range
of programmable calculators, microcom-
puters, and minicomputers. Greatest meas-
urement potential is realized, however,
when the 7912AD is used in conjunction
with a TEKTRONIX CP4165 Instrument Con-
troller programmed in TEK SPS BASIC.

MEDICAL MONITOR PRODUCTS

Additional Recorder and Readouts
for Patient Monitors

Model 400, Option 04 is a new addition to
the 400 Series recorders for TEKTRONIX
Patient Monitors. Designed for 413 Series
Monitors, the Option 04 provides thermal
printout copies of ECG, blood pressure,
peripheral pulse, or respiration waveform.
The recorder also provides alphanumeric
record of elapsed time, heart rate, temper-
atures A and B, systolic/diastolic and mean
blood pressures, and respiration rate.

A new Digital Readout Module adds three
dedicated LED readouts to TEKTRONIX 413
and 414 Series Monitors. Information dis-
played includes ECG, temperature and res-
piration or blood pressure depending on
which monitor is used. Modules weigh only
2Va Ibs, are 138 in high, and are powered
from the monitor.

Both recorder and Digital Readout Module
can be ordered with monitors or added to
monitors already in use. (See page 213.)



MEASUREMENT DISPLAY PRODUCTS
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634 Raster Scan Display Monitor

The TEKTRONIX 634 is a very high resolu-
tion, low geometric distortion raster scan
monitor, designed for high quality applica-
tions and superior performance. It offers:
1400-line nominal resolution—center screen
at 100 cd/m2 (30 fL); non-linearity < .5%
within a 9 cm circle—< 1% at corners; <
20% phosphor non-uniformity; minimal
corner defocus (< 25% with Option 18). In
addition, there's modular construction for
ease of installation, and U.L. 544 listing and
component recognition.

System manufacturers requiring less than
1400-line resolution will want the
TEKTRONIX 634 Option 01. It offers stan-
dard resolution of 800 lines nominal—center
screen at 100 cd/m2 (30 fL), while meeting
other 634 specifications—including those
for geometric distortion and phosphor uni-
formity.

OEM pricing is available for qualified origi-
nal equipment manufacturers. For further
information, see page 217.

624 Display Monitor
The TEKTRONIX 624 combines large screen
size (9.8x12.2 cm), brightness of 137.05
cd/m2 (40 fL) 1 and small spot size (12 mils).
The result: sharply detailed displays for
both high ambient light viewing as well as
photography.

A broad selection of options, including
U.L. 544 listing and component recognition,
lets you adjust both capability and pricing
to meet your system’s needs and to make
your product more cost-effective.

OEM pricing is available for qualified origi-
nal equipment manufacturers. For further
information, see page 218.

1. Measured with quality area flooded by a
60 Hz raster, 320 horizontal lines.

608 High Brightness Monitor

The 608 Display Monitor delivers a lot more
than high brightness. It delivers more usable
brightness—up to 239.84 cd/m2 (70 foot-
lamberts)—plus improved image contrast
and enhanced detail in shadow areas. A
special crt design suppresses the diffuse
expansion mesh halo usually present in high
intensity displays; the result is a more uni-
formly readable display that provides those
subtle nuances of gray scale vital to accu-
rate interpretation.

Ease of interpretation is also aided by large
screen size (10x12 cm). Displays are viewed
easily, even in high ambient light. Resultant
photographs are sharp. And the TEKTRONIX
608 accurately displays fast signals at vary-
ing intensity levels.

A full range of options are provided for
broad flexibility in both pricing and capa-
bility, including U.L. 544 listing and com-
ponent recognition. And you can select from
several phosphors—for high ambient light
viewing, longer persistence, photography —
depending on your requirements.

OEM pricing is available for qualified origi-
nal equipment manufacturers. For further
information, see page 219.

CAMERAS

C-5B Camera
The C-5B is an updated version of our popu-
lar C-5A low-cost camera. The C-5B now
features an electric shutter with continu-

ously variable speeds from .1 to 5 seconds
and a three-element lens for improved focus.

The C-5B in its various mounting options is
available for 7000, 5000, 400 and T900-
Series Oscilloscopes. OEM prices are
available for qualified original equipment
manufacturers. See page 234.

New Product Summary

The High Performance C-28 Camera

The C-28 features changeable magnification
(1:0.67 to 1:0.85), remotely controllable
electric shutter, and rigid body design that
eliminates trapezoidal distortion. F-stops
from /2.8 to /16, and 8 shutter speeds
(from 1/50 to 2 seconds, plus “‘bulb” and
“open’’) handle a broad variety of exposure
variables. Comes with a combination
Graflok/Polaroid film back for 3% " x4Va"
Polaroid film or the user’s choice of Graflok-
compatible accessories such as 70 or 90 mm
roll film backs. Three optional fixed object-
to-image ratio lens mounts are also avail-
able. U.L. component recognized.

The C-28 is especially suitable for 600 Series
Display Monitors. OEM pricing is available
for qualified original equipment manufac-
turers. For further information see page 233.

PROBES

The P6303/AM 503 Current Probe

The P6303 is the newest current probe de-
signed to be used with the AM 503 Current
Probe Amplifier, any TM 500 Power Module
and an oscilloscope (with a bandwidth of
at least 50 MHz to display the full bandpass
of the probe).

The P6303 measures ac and dc currents to
100A and peak pulse currents to 500A in
the frequency range of dc to 15 MHz. With
its large 1 inch by 0.83 inch (2.5x2.1 cm)
jaw opening, the P6303 can easily check
currents in X-ray tubes, SCR motor controls,
power supplies, and relays. The P6303 uses
inductive coupling and thus requires no
electrical contact or breaking of the circuit.
See page 241.
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CONFIGURATION

TWO BASIC APPROACHES

There are two basic configurations for test
and measurement instruments. Modular in-
struments, more often called plug-in or
laboratory models when referring to oscil-
loscopes, combine a mainframe and one or
more interchangeable plug-in subassem-
blies. Integrated instruments, such as mono-
lithic oscilloscopes, are one-piece units.

Although portable instruments are tradition-
ally designed as integrated units, not all
monolithic instruments meet all the objec-
tives of portability. On the other hand, some
modular systems, such as the TEKTRONIX
TM 500 Modular Test and Measurement Line,
are designed for easy transport right into the
field—See the reference section on port-
ability for more details.

Modular Design

Versatility is the primary advantage of a
modular instrument. Many more functions
than could be economically or practically
combined in a single unit can be made
available in separate plug-ins. You the user,
can then choose the ones that serve you best.

Because a modular instrument is so versatile,
it can also make use of advances in instru-
ment design. New plug-ins or mainframes
can be added that, within the basic limita-
tions of the other units, add new functions or
higher performance.

Modularity also allows plug-ins and main-
frames to be shared between various uses.
For example, with the TM 500 Line, the same
general test and measurement plug-ins used
in the lab for design work can be quickly
inserted into a portable mainframe and easily
carried to a service problem. Alternately,
where demand warrants it, the identical
model plug-ins can be supplied to both field
service and laboratory personnel, assuring
the repeatability of measurements and min-
imizing training time.

Plug-ins can also extend the original instru-
ment range to other functions. Digital multi-
meters, curve tracers, spectrum analyzers
and logic analyzers are just a few examples
of the many specialized plug-ins Tektronix
offers for modular oscilloscopes.

Oscilloscopes

There are two lines of TEKTRONIX modular
oscilloscopes to choose from. The TEK-
TRONIX 5000 Series uses two amplifier plug-
ins plus one time base. The TEKTRONIX
7000 Series, which offers higher perform-
ance in a number of areas, can accept up to
two vertical-channel plug-ins and two time
bases or other horizontal units simultane-
ously. In-depth coverage begins on page 37.

Reference Information

MODULAR NON-STORAGE OSCILLOSCOPES

Model Minimum Number of Maximum Delayed )
Number Bandwidth** Deflection Factor | Trace Operation | Sweep Rate | Sweep | Page | Price*
7904 500 MHzt 10 mV/div at BW up to 4 500 ps/div X 46 $5250
R7903 10 uV/div 4750
1 mA/div
7844 400 MHzt 20 mV/div at BW up to 4 1 ns/div X 48 7650
10 puV/div Dual-Beam
1 mA/div
7704A 250 MHz 20 mV/div at BW up to 4 2 ns/div X 50 -+ 200
Opt 09 10 pV/div
1 mA/div
7704A 200 MHz 10 mV/div at BW up to 4 2 ns/div X 50 3325
10 pV/div
1 mA/div
7603 100 MHz 5 mV/div at BW up to 4 5 ns/div X 52 2050
10 uV/div
1 mA/div
5440 60 MHz 5 mV/div at BW up to 8 5 ns/div X 85 1550
10 wV/div
0.5 mA/div
5112 2 MHz 1 mV/div at BW up to 8 100 ns/div X 90 1300
10 wV/div Dual-Beam
0.5 mA/div
5110 2 MHz 1 mV/div at BW up to 8 100 ns/div X 90 775
10 wV/div
0.5 mA/div
7603N11S | Ruggedized 5 mV/div at BW up to 2 5 ns/div X 54 3875
oscilloscope
system [meets or
exceeds
MIL-0-24311 (EC)
(AN/USM 281
Specs)]

*Price does not include plug-ins.
**Bandwidths are real time.

+1 GHz with 7A21N direct-access plug-in.

Sampling plug-ins that extend bandwidths to 14 GHz are available for most mainframes.

Test and Measurement Instruments

In the general test and measurement field
the TEKTRONIX TM 500 Test and Measure-
ment Line is our modular system. One, three,
four, five, and six-compartment mainframes
accept a broad selection of plug-in units.
The mainframe unit provides a common pri-
mary power supply, keeping total instrument
weight, size, and cost down. Just as impor-
tantly, TM 500 Mainframes also provide a
signal control and data interface between
modules. This allows TM 500 units to work
either individually or together as integrated
measuring systems. The TEKTRONIXTM 500
Modular Test and Measurement Line is ex-
tensive: more than 30 units, including power
supplies, signal sources, oscilloscope mod-
ules, a logic analyzer, digital multimeters,
counter/timers, and more. Custom plug-in
kits allow you to add your own unique cir-
cuits. With this feature, you can also apply
TM 500’s capability to unusual applications.
In-depth coverage begins on page 133.

Other Modular Devices

Logic Analyzers page 15
Digital Processing Oscilloscopes page 193
Waveform Digitizing Instruments page 193
Spectrum Analyzers page 175
Curve Tracers page 201

Integrated and Monolithic Devices

Taking the other design approach to instru-
ment design, integrated instrument are op-
timized for a single range of functions. One-
piece instrument design provides reduction
in weight, increased ease of use, smaller
size, and usually lower power requirements
when a definite function is required.

Many oscilloscopes of this type are partic-
ularly designed for portable use, with rug-
ged cases, environmental protection, and
internal or external battery power. In-depth
coverage begins on page 97.

Tektronix also offers many other one-piece
products designed to be used alone or as
elements of larger systems. Each performs
its specialized task economically yet fully
because it is designed for a specific type of
use:

Graphic Terminals page 13
Tv Products page 173
Display Monitors page 215

To sum up, modular instruments feature
versatility, opportunities for tailor-made se-
lection of functions, and a wide range of
measurement capability. Integrated designs
are strongest in economy for single func-
tions, ruggedness, and portability.




Reference Information

PORTABILITY

Any instrument not actually permanently
bolted down is in some sense portable, but
in most cases by “portable’” we mean some-
thing more.

Portable Oscilloscopes

For oscilloscopes, a combination of factors
must be considered. Small size and light
weight are obviously important, but the de-
gree depends on the application and the
uses. Similarly, ruggedized cases or dust
covers may be required. The TEKTRONIX
200-Series Oscilloscopes, for example, are
less than 8 x 14 x 23 cm (3 x 6 x 9 in), weigh
less than 2 kg (3%2 Ib) and are specifically
designed and packaged for field use. The
300-Series all weigh less than 5 kg (11 Ib).
The high-performance TEKTBONIX 400-Ser-
ies models, 10.5 to 11.8 kg (21 to 26 Ib), are
still very much designed to be portables, too.

For many applications, internal battery pow-
er is often essential. On the other hand, the
weight of internal batteries can be a dis-
advantage if they are rarely needed. In some
applications power is always available, since
it must be provided to the equipment being
tested. TEKTRONIX Portable Oscilloscopes
cover the full range of power options. The
200-Series has internal batteries. Two 300-
Series models have internal batteries and
two are line operated. High performance por-
tables, like the TEKTRONIX 400-Series, are
line operated. However external battery
packs are available as accessories for both
the 300-Series and the 400-Series

Portable Test and Measurement Instruments

Many of these same factors apply to other
instruments besides oscilloscopes. The TM
500 Modular Test and Measurement Line, for
example, has several configurations designed
for portability. The TM 515 Traveller Main-
frame travels like luggage but works like a
lab bench set-up. Although it is attractive
and convenient enough to treat as carry-on
luggage (it will even go beneath your seat
in most airplanes), the TM 515 is designed
to take rugged travel. It carries up to five
TM 500 plug-in instruments. Again, relatively
light weight, rugged construction, and con-
venient size are the key to portability.

Plug-ins include: pulse generators, function
generators, other signal generators, ampli-
fiers and filters, oscilloscopes and monitors,
lab power supplies, digital counter/timers,
digital multimeters, logic analyzers, special
plug-ins, and custom plug-ins.

All of the more than 30 TM 500 plug-ins are
portable when used with portable TM 500
Mainframes: TM 515 5-compartment Travel-
ler Mainframe, TM 503 3-compartment Main-
frame with carrying case or protective cover,
TM 504 4-compartment Mainframe with
carrying case or protective cover.

In-depth coverage of TM 500 products be-
gins on page 133.

PORTABLE NON-STORAGE OSCILLOSCOPES

Model Minimum Maximum Delayed
Number Bandwidth Deflection Factor Dual-Trace | Sweep Rate SWEEP Page Price
485 350 MHz 5 mV/div at BW X 1 ns/div X 100 $5225
475A 250 MHz 5 mV/div at BW X 1 ns/div X 102 3555
475 200 MHz 2 mV/div at BW X 1 ns/div X 102 3195
465 100 MHz 5 mV/div at BW X 5 ns/div X 102 2295
465M 100 MHz 5 mV/div at BW X 5 ns/div X 104 2345
455 50 MHz 5 mV/div at BW X 5 ns/div X 106 1850 ]
335 35 MHz 10 mV/div at BW X 20 ns/div X 112 1925
1 mV/div
326 10 MHz 10 mV/div at BW X 100 ns/div 114 2180
1 mV/div
221 5 MHz 5 mV/div at BW X 100 ns/div 117 1025
323 4 MHz 10 mV/div at BW X 500 ns/div 115 1445
1 mV/div
213 1 MHz 20 mV/div at BW 400 ns/div 118 1520
5 mV/div
212 500 kHz 10 mV/div at BW X 1 us/div 120 1080
1 mV/div
TO935A 35 MHz 2 mV/div at BW X 10 ns/div X 124 1435
T932A 35 MHz 2 mV/div at BW X 10 ns/div 124 1155
T922 15 MHz 2 mV/div at BW X 20 ns/div 123 850
T921 15 MHz 2 mV/div at BW 20 ns/div 122 695

Our Other Portables

Still other TEKTRONIX portable instruments
meet special requirements far above simple
movability. The 1502 and 1503 TDR-Cable
Testers, for example, are designed to work
outdoors in any weather, including pouring
rain.

TEKTRONIX Portable Patient Monitors pro-
vide hours of battery-powered operation so
they can keep on providing data on vital
functions not only during surgery but right
through patient transport.

For movement within limited area, TEK-
TRONIX SCOPE-MOBILE® Carts and Lab
Carts are available in several configurations.
A typical setup might include a 400-Series
Oscilloscope on the top shelf with two TM
503 Mainframes underneath. These carts are
particularly useful for in-plant servicing,
school and research laboratories, and simi-
lar applications.

For more information, see the following
pages:

Logic Analyzer page 15
Cable Testers page 170
Spectrum Analyzers page 175
Portable Patient Monitors page 213
SCOPE-MOBILE® Carts page 256

ENVIRONMENTAL CHARACTERISTICS

The environmental characteristics listed in instrument
specifications may include some or all of the follow-
ing: temperature, altitude, humidity, vibration, shock,
and electromagnetic compatibility (emc, previously rfi
or emi).

The specifications for humidity, vibration, shock, and
transportation are intended to be beyond what can be
expected in use, and operation at these extremes may
cause minor physicial deterioration. Such operation,
however, should not cause electrical performance to
deteriorate outside specifications.

The specifications for temperature and altitude are
such that continual use at the limits will not cause
significant short-term deterioration. Naturally, higher
temperature operation can be expected to reduce
longterm reliability and should be avoided if possible.
The emc test is completely nondestructive.

Sample production instruments are tested periodically
as part of a continual quality-control process. Com-
plete tests on every production instrument are un-
desirable as well as uneconomical.

For more specific information on the environmental
characteristics and how they apply to given instru-
ments, please refer to the page covering that instru-
ment.

POWER SOURCE CONSIDERATIONS

In general, instruments are factory wired for the nom-
inal voltage of the country of manufacture. Most
TEKTRONIX instruments provide wide-range regu-
lated supplies, or quick change line-voltage selectors
for convenient selection of line-voltage operating
ranges. Transformer taps in other instruments can be
changed to accommodate specific line-voltage oper-
ating ranges or can be factory wired for a specific
range if specified on the purchase order.

Most TEKTRONIX instruments are designed for op-
eration from a power source with its neutral at or near
ground (earth) potential. They are not intended for
operation from two phases of a multiphase system or
across the legs of a single-phase three-wire system
(220 V).

Except for some double-insulated instruments, most
TEKTRONIX instruments are equipped with either a
three-conductor attached power cord or a three-ter-
minal power-cord receptacle. The third wire or termi-
nal is connected directly to the instrument chassis to
protect operating personnel.

Power-cord coding follows one of the two following
schemes:

Scheme 1 Scheme 2
Line Black Brown
Neutral White Light blue
Ground (safety earth)| Green-yellow Green-yellow



STORAGE

Storage crts continue to display a waveform
after the input signal ceases. The period of
image retention runs from a few seconds
to several hours depending on several fac-
tors mentioned below. The stored display
may be erased to make way for storage of a
later waveform. Storage tubes may also be
operated as conventional (nonstorage) tubes.

Storage oscilloscopes allow easy, accurate
evaluations of slowly changing phenomena
that would appear only as slow moving dots.
They are also needed for viewing rapidly
changing nonrepetitive waveforms whose
images would otherwise flash across the crt
too quickly to be evaluated. Storage can re-
duce the time to photograph scope traces by
allowing you to “compose” the picture. Un-
wanted displays can be erased as many
times as necessary before the photograph is
taken.

Storage crts are used in other TEKTRONIX
products, too. For terminals, crt storage
provides an economical means of retaining
graphic and alphanumeric display without
requiring refresh circuitry. Curve tracers with
a storage crt show a wider range of wave-
forms. And monitors with storage find a wide
variety of applications.

TYPES OF STORAGE

TEKTRONIX products use three types of
storage crts — the TEKTRONIX proprietary
bistable phosphor storage tube, a variable
persistence tube (sometimes called half-
tone storage), and a fast transfer tube. The
last device can also provide operating
modes similar to the simpler bistable and
variable persistence types.

Although storage writing speeds are not
quite as fast as conventional crt speeds yet,
they are catching up: recent developments
in transmission storage tubes at Tektronix
have resulted in a fast stored writing speed
of 2500 cm/us.

BISTABLE

The bistable-phosphor crt utilizes a special
phosphor with two stable states: written and
unwritten.

The storage mode allows waveforms to be
stored and displayed a minimum of several
hours (in some casés much longer) or until
erased by operator.

Bistable storage is often the easiest kind of
storage to use. It is also usually the most
inexpensive. Some principal applications
include mechanical measurements, signal
comparisons, and data recording. Most bi-
stable phosphor crts have a split-screen
viewing area which allows each half to be
used independently for storage displays. The
split-screen feature provides many unique
advantages. With this system, a reference
waveform can be stored on one half of the
screen and the other half can be used to
store the effect that calibration adjustments
or the insertion of filters, etc, have on circuit
operation. If desired, this technique can be
used where the reference portion operates
in the stored mode and the other half of the
display, operating in the nonstored mode,
monitors an external input.

Reference Information

CRT STORAGE OSCILLOSCOPES
(in order of Stored Writing Rate)

Stored Number
Model Writing Type of Band- Minimum of Trace | Delayed
Number Speed View Time Storage width** | Deflection Factor | Operations | Sweep | Plug-in| Page | Price
7834 5500 div/us 30 s 1t Fast Variable 400 MHz | 20 mV/div at BW up to 4 X X 56 | $7100
Persistence 10 mV/div at
325 MHz
776 div/us 30 min Fast Bistable
minimum
12 div/us 30s 1t Variable
Persistence
0.2 div/us 30 min Bistable
minimum
466 3000 div/us 1581t Fast variable 100 MHz 5 mV/div at BW| up to 2 X 108 4895
persistence
3 div/us 15s 1t Variable
persistence
7633 2200 div/us 30 s 1t Fast variable 100 MHz 5mV/div at BW | up to 4 X X 58 5200
persistence 10 pV/div
1 mA/div
400 div/us 30 min Fast bistable
minimum
3 div/us 30 s tt Variable
persistence
2 div/us 30 min Bistable
minimum
7623A 150 div/us 30 s tt Fast variable 100 MHz 5 mV/div at BW | up to 4 X X 58 3975
persistence 10 uV/div
1 mA/div
50 div/us 30 min Fast bistable
minimum
0.5div/us| 30s tt Variable
persistence
0.03 div/us 30 min Bistable
minimum
464 110 div/ us 15s 1 Fast variable | 100 MHz 5mV/div at BW| up to 2 X 108 4120
0.5 div/us 1551t persistence
7613 5 div/us 1 hr Variable 100 MHz 5mV/div at BW | up to 4 X X 60 | 3150
persistence 10 pV/div
1 mA/div
5441 5 div/us 1 hr Variable 60 MHz 5mV/div at BW| up to 8 X X 86 2650
persistence 10 puV/div
0.5 mA/div
7313 5div/us | 30 min Bistable 25 MHz 5mV/div at BW| up to 4 X X 61 3125
minimum split screen 10 pV/div
1 mA/div
434 5 div/us 4 hrs Bistable 25 MHz 10 mV/div at BW| up to 2 110 3245
split screen 1 mV/div
5115 0.8 div/us 10 hrs Bistable 2 MHz 1mV/div at BW| up to 8 X X 90 1475
split screen 10 pV/div
0.5 mA/div
5113 0.2 div/us 10 hrs Bistable 2 MHz 1mV/div at BW| up to 8 X X 90 | 1925
split screen 10 pV/div dual-beam
0.5 mA/div
5111 0.02 div/us 10 hrs Bistable 2 MHz 1 mV/div at BW| up to 8 X X 20 1400
split screen 10 pV/div
0.5 mA/div
214 0.5 div/us 1 i Bistable 500 kHz 10 mV/div at BW | up to 2 120 1520
1 mV/div
314 0.25 div/us 4 hrs Bistable 10 MHz 2mV/div at BW | up to 2 116 2385

**Bandwidths are real time. Sampling plug-ins that extend bandwidths to 14 GHz are available for most mainframes.
ttView times are at full stored display intensity. They may be increased by using reduced intensity in the save display mode.

An example of the usefulness of the split-
screen feature is in speech therapy. The
normal speech pattern is recorded on the
upper half of the storage screen and the
patient’s attempts to match this pattern are
recorded on the lower half. With split-screen
operation, the lower half showing the trial
waveform can be erased as many times as
desired without affecting the stored informa-
tion on the upper screen.

VARIABLE PERSISTENCE

Variable persistence storage allows a con-
tinuous gradation between the bright written
level and the dark reference.

The variable persistence mode also allows
for the selection of the time a stored image
will be retained. The storage persistence
can be adjusted so the entire waveform can
be viewed, yet the stored trace fades from
view just as the new waveform is being
plotted. With the save feature, an entire dis-
play can be stored for further analysis if
desired.

Applications for variable persistence stor-

age include real time, spectrum analysis,
time-domain reflectometry, sampling, and
other measurements which require slow
sweep displays. For fast repetitive sweeps,
the storage persistence can be set so mul-
tiple traces are displayed before the first
trace fades from view. Then you can view
changes in signal response with changes in
circuit conditions, time, or adjustments. This
method can also be used to provide display
integration so that only the coincident por-
tions of a repetitive signal are displayed. Any
aberration or jitter not common to all repeti-
tive traces will not be stored or displayed.
Low-repetition rate, fast-rise-time signals
that are not discernible on conventional crts
can be easily viewed.

This type of storage provides the best dis-
play when storing displays with varying
intensities, such as delayed sweep or with
Z-axis intensity modulation. Variable per-
sistence storage provides very good displays
for photographs due to the high contrast
between dark background and bright wave-

forms.
(Continued on following page)
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FAST TRANSFER

Fast transfer storage uses a tube with a
special intermediate mesh target. This tar-
get, which is optimized for speed, captures
the waveform and then transfers it to a
slower, longer-storing electrode. The second
target can be designed to offer bistable or
variable persistence modes, in combination
with the transfer mesh or by itself.

Several TEKTRONIX Oscilloscopes use this
combination of capability to provide unique
multimode storage. By front-panel controls,
users of these instruments can select the
operating mode suited to the specific mea-
surement situation.

DIGITAL STORAGE

Although not directly comparable in some
respects, digital storage is also a useful
technology for wavefotm retention. More in-
formation is given in the sections on digital
oscilloscopes, logic analyzers, and signal
processing systems products.

DISPLAY MONITORS
Image Characteristics

Elements that may be important to you in
obtaining the best image from a display
monitor include the brightness of the image,
the resolution or spot diameter, the size of
the image, and the phosphor type used and
its characteristics.

Brightness depends on the type of crt used,
the phosphor, and the accelerating voltage.

In general, higher brightnesses can only be
obtained at the cost of lower resolution or
slower writing speed. On some monitors, a
separate intensity or Z-axis input is available
to modulate the brightness of the beam. Res-
olution is specified either by spot size or by
number of line pairs in a given distance.
Smaller spot sizes or greater numbers of
line pairs in general mean a more detailed
image can be displayed.

Screen size and the size of the graticule on
conventional monitors is normally compar-
able to that offered on laboratory oscillo-
scopes (up to 8 by 10 cm). Tektronix also
offers special storage monitors with 11 inch
diagonal crts. These are described in the
section beginning on page 13. Phosphor
characteristics can be selected to optimize
viewing or photography, and to match de-
sired image decay rates. See the phosphor
chart and following information.

Storage

Storage is an essential feature on monitors
when the information to be presented is
transitory or the image to be built up is too
complex for the source to communicate all
at one time. Tektronix offers both bistable
storage monitors and variable persistence
models. See the storage section (on page
11) for more details on the advantage of
each type of storage.

Vertical and Horizontal Amplifiers

The amplifiers in display monitors must
faithfully translate the input signal to a de-
flection on the crt screen. Two important
characteristics are the bandwidth of the
amplifier and the linearity, each of which
contributes to how faithfully the signal will
be reproduced on the screen. The phase dif-
ference and the common-mode rejection
ratio determine how closely two signals can
be graphed against one another and how
well they can be extracted from extraneous
background noise. See the general charac-
teristics section (on page 11) for further
details.

PHOSPHOR DATA CHART

CATHODE-RAY TUBE
PHOSPHOR DATA

HUMAN EYE RESPONSE

An important factor in selecting a phosphor
is the color or radiant energy distribution of
the light output. The human eye responds in
varying degrees to light wavelength from
deep red to violet. The human eye is most
sensitive to the yellow-green region; how-
ever, its responsiveness diminishes on either
side in the orange-yellow area and the blue-
violet region. The eye is not very receptive
to deep blue or red.

If the quantity of light falling on the eye is
doubled, the brightness “seen” by the eye
does not double. The brightness of a color
tone as seen is approximately proportional
to the log of energy of the stimulus.

The term luminance is the photometric
equivalent of brightness. It is based on mea-
surements made with a sensor having a
spectral sensitivity curve corrected to that of
the average human eye. The Sl (international
metric standard) units for luminance are
candelas per meter squared, but the English
footlamberts are still used extensively in the
U.S. One footlambert = 0.2919 candelas/m>.
The term luminance implies that data has
been measured or corrected to incorporate
the CIE standard eye response curve for the
human eye. CIE is an abbreviation for “Com-
mission Internationale de L’Eclairage” (Inter-
national Commission on lllumination). The
luminance graphs and tables are therefore
useful only when the phosphor is being
viewed.

PHOSPHOR PROTECTION

When a phosphor is excited by an electron
beam with an excessively high current den-
sity, a permanent loss of phosphor efficiency
may occur. The light output of the damaged
phosphor will be reduced, and in extreme
cases complete destruction of the phosphor

Phosphorescence Relative Decay to
Where Different Photographic 0.1% Relative Ordering
from Relative Writing Decay to | Decay to | (in ms) Burn Information
Phosphor Fluorescence Fluorescence Luminance! Speed? 10% 1% Resistance Comments Option
P1 Yellowish-green —_ 50% 20% 24 ms 48 ms 95 Medium Replaced by P31 in Special
most applications order
P2 Bluish-green Yellowish-green 55% 40% 75 us — 1208 Medium Good compromise for Special
high high- and low-speed order
applications. Replaced by
P31 in most applications
P4 White — 50% 40% 60 us 470 us 20 Mﬁ_dirl.:m Television displays 74
ig
P7 Blue Yellowish-green 35% 75% 03s 3s 8 sec Medium Long decay, double- 76
layer screen
P11 Purplish-blue — 15% 100% 80 us — 20 Medium For photographic 78
applications
P31 Yellowish-green —_ 100% 50% 38 us 250 us 32 High General purposes, 80
brightest available
phosphor

'Measured with TEKTRONIX J16 photometer and J6523 luminance probe which incorporates a CIE standard eye filter. Representative of 10 kV aluminized screens.

P31 as reference.
2P11 as reference with Polaroid 410 film. Representative of 10 kV aluminized screens.

3Low level lasts over one minute under conditions of low ambient illumination.
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may result. Darkening or burning occurs
when the heat developed by electron bom-
bardment cannot be dissipated rapidly
enough by the phosphor.

The two most important and controllable
factors affecting the occurrence of burning
are beam-current density (controllable with
the Intensity, Focus, and Astigmatism con-
trols) and the length of time the beam ex-
cites a given section of the phosphor (con-
trollable with the Time/Div control). Of the
total energy from the beam, 90% is converted
to heat and 10% to light. A phosphor must
radiate the light and dissipate the heat, or
like any other substance, it will burn. Re-
member, burning is a function of intensity
and time. Keeping the intensity down or the
time short will save the screen.

SELECTING A PHOSPHOR

The catalog description of each oscilloscope
indicates the phosphor normally supplied or
offered as an option. Special phosphors are
available for applications which require dif-
ferent characteristics. For example, P11 is
excellent for waveform photography but due
to its short persistence it is not well suited
for applications requiring visual observation
of low-speed phenomena. For more specific
information regarding the best-suited phos-
phor for your particular applications, please
confer with your Tektronix Field Engineer,
Representative, or Distributor. They know
the factors that must be considered in selec-
tion of a phosphor for any given application.

Phosphors are rated in several parameters,
such as color of fluorescence or phosphore-
scence, decay, etc. The table on page 10 de-
scribes the more commonly used phosphors.

Reference Information

KEY SPECIFICATIONS AND FEATURES

for oscilloscopes and related equipment

AMPLIFIER CONSIDERATIONS
RISE TIME AND BANDWIDTH

One vital capability generally sought in an
oscilloscope is sufficient bandwidth and ade-
quate rise time.

Although rise time is usually the more im-
portant parameter when working with faster
waveforms, signal bandwidth is commonly
specified for lower speeds. Constraints make
the two numerically related in well-designed
general-purpose oscilloscopes. Bandwidth
in megahertz multiplied by rise time in nano-
seconds is approximately 0.35. Therefore, if
your needs are defined in terms of one fac-
tor, dividing it into 0.35 will produce the
other.

Bandwidth is of course defined as the fre-
quency range in which signals are handled
with less than a 3-dB loss compared to mid-
band performance. Since modern oscillo-
scopes work well at low frequencies down to
dc, bandwidth here commonly refers to the
highest frequency which can be displayed
with a 3-dB or less error.

Most oscilloscope designs make use of grad-
ual roll-offs at the high-frequency end, so in
many cases a scope will be useful far be-
yond its specified bandwidth. Waveshapes
may be altered and amplitudes reduced
somewhat.

In terms of rise time, scopes ideally should
have a vertical system capable of respond-
ing at least five times as fast as the fastest
applied step signal (thus having a rise time
less than 1/5 as great). In such a case, the
rise time of the signal indicated on the
scope will be in error by less than 2 percent.

Using the 1/5 and 0.35 factors together, the
minimal requirements for scope bandwidth
for accurate rise time measurements can be
estimated using the following rule of thumb:

1.70
Fastest Rise Time

Bandwidth (minimal) =

Very accurate absolute rise time measure-
ments are not always important. When sim-
ply comparing the rise times of two signals,
scopes with a rise time equal to the rise time
of the signals applied are usually considered
adequate.

Besides indicating bandwidth for the vertical
channel, many oscilloscope specifications
also include a bandwidth figure for the hori-
zontal and trigger channels.

Bandwidth and rise time figures also apply
to many other TEKTRONIX instruments. Sig-
nal sources, probes, amplifiers, TDR sys-
tems, and many other test instruments are
characterized in part by rise time. Frequency
response figures are given for portable pa-
tient monitors, spectrum analyzers, and
many tv products. The specifications will
indicate values where these figures are
relevant.

SENSITIVITY (DEFLECTION FACTORS)

Although sensitivity specifications are most
often associated with oscilloscope vertical
channels, specifications can also be pro-
vided for horizontal channels and trigger
circuits with external inputs. Similarly, vari-
ous other instruments may have a sensitivity
specification relating minimum input level to
some function or output level.

Sensitivity, in the case of oscilloscopes, re-
fers to the input needed to produce a stated
deflection of the spot on the crt. Specifica-
tions typically are given in millivolts per
centimeter or division.

At a given state of the art, sensitivity is a
tradeoff with bandwidth. The small amount
of noise in even the best input circuit will
mask signals which are too weak. Raising
the bandwidth increases the noise picked up
by the amplifiers, requiring more of a signal
to create a clear display.

As a consequence of this relationship, many
high-sensitivity scopes provide bandwidth-
limiting controls to allow you to make better
low-level, moderate frequency measure-
ments. For these and other models, a set of
sensitivity specifications may be given for
limited frequencies as well as over the full
range.

Many times, external noise will be the prob-
lem. Differential amplifiers are often used to
lessen the effects of external noise and
common-mode signals, thus improving the
useful measurement sensitivity range.

DIFFERENTIAL, BALANCED, OR
PUSH-PULL INPUTS

Differential or balanced amplifiers provide
a feature beyond mere accommodation of
push-pull signals: they have the ability to
cancel or reject, to a high degree, any sig-
nal components equal in amplitude and
phase that appear at both inputs. Such am-
plifiers provide a simple and accurate means
of measuring the difference between two sig-
nals. They also provide a means of rejecting
most unwanted signal components common
to both inputs, such as power line “hum.”

MULTIPLE INPUTS

It is quite often useful to be able to view any
one or several of a number of input signals
without disturbing connections to the oscil-
loscope. Several types of multiple-input am-
plifiers which display more than one signal
on the same crt display are available.

Common applications include input-output
comparisons, checking a signal against a
standard, or working with complex circuits.
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Two Techniques: Dual-Beam and Dual-Trace

Two techniques, dual-trace or dual-beam cir-
cuitry, are commonly used for creating two
traces on a single crt. The dual-trace scope
incorporates electronic switching to alter-
nately connect two input signals to a single
deflection system. The dual-beam scope,
however, has two independent deflection
systems within its crt. (Some models do
share horizontal systems, though.) There are
distinct advantages to both dual-beam and
dual-trace scopes. A dual-beam scope can
display two input signals separately and
simultaneously. Therefore, it can show two
nonrecurrent signals of short duration. Also,
models with independent horizontal deflec-
tion can display nonrecurrent signals on
different time bases.

The principal advantages of dual-trace
scopes are lower cost and intrinsically bet-
ter comparison capabilities. This comes from
using a single horizontal amplifier and one
set of deflection plates. On the other hand,
since a transient event might occur on one
input channel while the beam is tracing the
other, dual-trace scopes are not recom-
mended for viewing fast one-shot phe-
nomena.

Extension of the dual-trace principles has
produced newer multiple-trace oscilloscopes
capable of displaying up to eight traces.

TIME BASES
SWEEP RATES AND SWEEP TYPES

Except in special cases, oscilloscopes have
built-in sawtooth sweep generators for pro-
ducing constant-speed horizontal beam de-
flection. In early scopes, these generators
ran continuously, and horizontal calibration
was based on their repetition frequency. In
most modern scopes, sweeps are calibrated
in terms of a direct unit of time for a given
distance of spot travel across the screen;
hence the term, “time base.”

This technique permits:

1. Direct measurement of time between
events.

2. Viewing and measuring small portions of
pulse trains.

3. Viewing and measuring random or ape-
riodic events.

4. Viewing and measuring single non recur-
rent events.

Distances representing time are measured
on the scope’s graticule, the ruled scale
built into the display. The internal graticule
built inside the crt face on modern scopes
is preferable, as it eliminates parallax.

A major graticule division may be an inch,
centimeter, or some other length. Some in-
struments have different distance-units for
the vertical and horizontal scales. Graticules
often have small markings which subdivide
the major divisions to assist in making ac-
curate measurements. Such subdivisions
should not be interpreted as the distance
unit in a specification.
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Strictly speaking, sweep specifications are
rates properly expressed as time/length.
However, the term sweep speed (implying
length/time) is often used synonymously.

RELATING SWEEP RATES, HIGH
FREQUENCIES, AND RISE TIMES

The appropriate sweep rate for frequency-
specified measurements is based on the
nature of the investigation. Given a moder-
ate frequency, a sweep is usually consid-
ered adequate if it is capable of displaying
one cycle across the full horizontal scale.
At high frequencies, however, scopes sel-
dom have sweeps that fast. To measure rise
time as accurately as possible, a step signal
(square wave, rectangular pulse, etc) should
occupy most of the full vertical scale, and
the rising portion of the signal should be
displayed at nearly a 45° slope. This objec-
tive can be met only if the fastest sweep is
able to move the beam a horizontal distance
nearly equal to the full vertical scale in a
time interval equal to the rise time of the
vertical deflection system. Because of the
compounding difficulties and cost of pro-
viding extremely fast sweeps which are both
linear and accurate, this goal must be temp-
ered somewhat in scopes having the very
best vertical deflection system rise time
capabilities.

In some cases rise time measurements are
not made to determine actual rise time, but
are done to decide whether certain limits are
met or exceeded. In such cases, an adequate
comparison with a standard signal of known
rise time can usually be made even with a
sweep which provides a fairly steep display,
provided of course that the vertical deflec-
tion system rise time is good enough.

DELAYING/DELAYED TIME BASES

Delaying-sweep measurements use two lin-
ear calibrated time bases. The first time
base, commonly called the delaying sweep,
allows the operator to select a specific delay
time. When this time is reached, the second
time base, called the delayed sweep, starts.
The delayed sweep is typically set a decade
or two faster than the delaying sweep, and
therefore offers additional resolution. The
combination of these two time bases also
offers increased accuracy of time interval
measurement.

DIGITAL TIME DISPLAYS

You can make delay and interval time mea-
surements with digital ease on several
TEKTRONIX oscilloscopes. The DM44 option
for the 400 Series allows you to read the
delay time, interval frequency, or tempera-
ture right from an LED readout, with no cal-
culation or interpolation required. The 7B85
and 7B80 Plug-ins for 7000-Series Oscillo-
scopes provide A time (dual-delayed sweep)
measurements. With this feature, both ends

of the selected interval which can be inde-
pendently positioned on the trace are shown
by intensified regions. The time interval be-
tween those points is shown on the screen
using the 7000-Series crt-readout capability.

SAMPLING

Sampling is a powerful technique for ex-
amining very fast repetitive signals. It is
similar, in principle, to the use of strobo-
scopic light to study fast mechanical motion.
Progressive samples of adjacent portions of
successive waveforms are taken; then they
are “'stretched” in time, amplified by rela-
tively low-bandwidth amplifiers, and finally
shown, all seemingly at one time, on the
screen of a cathode-ray tube. The graph
thus produces a replica of the sampled
waveforms. The principal difference in ap-
pearance between displays made by sam-
pling techniques and conventional displays
is that those made by sampling are com-
prised of separate segments or dots. This
technique is limited to depicting repetitive
signals, since no more than a portion of the
signal is captured and displayed each time
the signal recurs.

The sampling method, however, provides a
means of examining fast-changing signals
of low amplitude that cannot be examined
in any other way. The system is capable of
resolving events that occur in less than 30
picoseconds on an ‘“equivalent” time base
of less than 20 picoseconds per division and
less than 5 mV of peak amplitude.

Tektronix uses the random sampling tech-
nique which differs from conventional sam-
pling because it does not require a delay
line or pretrigger for lead time to be visible
in the display. The benefits afforded by this
feature are:

1. Signals with no source of pretrigger can
be observed.

2. The inherent rise time limitation of signal
delay lines is eliminated.

3. It is no longer necessary to work into the
50 @ characteristic impedance of a delay
line, so high impedance can be retained.

4. External triggers may occur before, coin-
cident with, or after the displayed signal,
with lead time still visible in the display.

5. Display time jitter otherwise caused by
pretrigger-to-signal jitter is eliminated.



Information

Today, scores of applications within
government, industry and educa-
tion, rely on Computer Graphics to
find oil, fight disease, forecast
budgets, stimulate education, plan
cities, design circuits, unsnarl traffic —
to instantly interpret complex ideas.
Everything expressed in Graphics is
better understood and more effectively
communicated.

splayGroup
roducts

As the world's Graphics leader,
Tektronix can give your communica-
tions a dimension you've been mis-
sing. With high resolution graphics
terminals. Desktop computing cal-
culators. And complete graphic sys-
tems. All supported by peripheral
devices, proven software, wide-
ranging sales and service —and a
worldwide reputation for quality and
dependability.

For additional product information and
details on interface, software, and ac-
cessory support, please indicate your
interest on the postcard at the back of
the catalog.




4025 Computer Display Terminal

From Alphanumerics to
Graphics. Now your
terminals can keep pace
with your needs.

The 4025 takes you beyond alpha-
numerics. When you're ready to go
beyond data entry and editing, the
4025 is the terminal that can take you
there. The 4025 gives you the unique
ability to expand your terminal from
basic alphanumerics, to forms ruling
and then into graphics. No other termi-
nal has such versatility. With all its op-
tions, the 4025 provides unmatched
report generation capability.

4025 Specifications

Display mechanism:
Display type — Video monitor
Screen size — 30 ¢cm (12 in) diagonal
Usable display area — 16.2 cm x 21.6
cm (6.4in.x9in.)
Phosphor type — P39 green phosphor
Video bandwidth — 20 MHz
Raster lines — Standard 525 line scan,
with 480 lines displayed.
Scan — 30 Hz
Refresh rate:
Dot— 30 times/second
Frame— 30 times/second
Field — 60 times/second

Display characteristics:
Cursor type — Wide underscore
Character size — 7 x9in a 8 x 14 dot
matrix
(Graphics cells are 8 x 14 matrix)
Character sets:
Standard — 64/96 upper and lower
case ASCII.
Optional — 64 characters each, to a
maximum of 6 character sets: or 128
characters each, to a maximum of 3
character sets. Can include rulings
or math characters, for example.

With the graphics option. Up to 31

character sets can be defined by the

user.

Characters/line — 80

Lines/display — 34

Total characters/display — 2720

Visual attributes — Characters can be
displayed with shaded background,
inverted fields (dark on light back-
ground rather than light on dark
background), or underlines. In addi-
tion, the display can “blink” (alter-
nate) between combinations of
visual attributes.

14

Logical attributes — Fields can be pro-
tected, modified, alphanumeric, and
numeric only.

Interface characteristics:

Transmission speed — The transmit-
ting and receiving baud rates are inde-
pendently selectable up to 9600 baud.
Baud rates can be entered from the
keyboard or the host computer.

Interface with the host computer:

Standard — RS-232-C full duplex

Option 1 — RS-232-C half duplex, with
or without supervisory channel.

Option 2 — 20 mA current loop

Option 10 — Polling Interface permits
multiple terminal configurations on
one host communication line. Termi-
nal interface is current loop using
4020 Series Polling Protocol. Com-
munications buffered or unbuffered.

Option 11 — Polling Controller — IBM
3270 compatible. Converts IBM
3270 protocol to 4020 Series polling
protocol. Will drive Option 10. Pro-
vides control for up to eight terminals
in a polling system.

Buffering and editing capabilities:

Size of display memory — 4K bytes
standard; may be expanded to 8K
(Option 20), 16K (Option 21), or 32K
(Option 22).

Parts of memory —

Monitor — Holds and displays conver-
sational text such as conversations
between the user and the host com-
puter, or commands to the 4025.

Workspace — Holds and displays text,
forms, and graphics. One or several
pages of text can be saved in the
workspace, edited, and later sent to
the host or to a peripheral.

Keyboard Specifications:

Number of keys — 86

Lighted keys — 4 (Insert mode, TTY
lock, Numeric lock, Command
lockout)

Programmable keys — 80

Major keyboard functions — Typewriter
keys, terminal function control, pro-
grammable function keys, numeric
pad, cursor control, scolling.

Tactile features — Curved profile, tac-
tile feedback at typing “home”
position.



Relationship to display —
Detachable, flexible (8 foot) cable.
Editing keys: Delete character,
Delete line,

Erase and skip
Insert line, and
Insert mode.

Graphic specifications

Amount of Graphics Memory:
Option 23 — 4096 8-bit words
(covers 256 cells).

Option 24 — 8192 8-bit words
(covers 512 cells).

Option 25 — 16384 8-bit words
(covers 1024 cells).

Option 26 — 32768 8-bit words
(covers 2048 cells).

The maximum amount of graphics
memory that may be needed depends
on the number of graphics “cells”
(character positions) in the part of
werkspace used for holding the graph.
Display memory is also required to put
graphics in the workspace.

Line types: Solid lines, Seven styles of
dashed lines, Single points, and

“Dark vectors”, which erase lines pre-
viously drawn.

Type of display — Dot matrix: each
graphics cell (character position)
has 14 rows of 8 dots each.

Resolution — 28 addressable

points/cm.

User definable Character Sets

Up to 16 fonts may be defined by the
operator or the host computer.
Characters per font — 128 (or two sets

of 64 each).
Number of fonts available:
Option 23 — 2.
Option 24 — 4.
Option 25 — 8.
Option 26 — 16.

Option 31 — Character set Expansion
option — permits addition of up to 6
character sets (64 characters), or
three 128-character sets.

Option 32 — Ruling Characters — Op-
tional character set which contains
the special characters used to rule
forms.

Option 34 — Math Characters — Op-
tional character set which provides
the special characters most com-
monly used in mathematics (in-
cludes special symbols and Greek
letters).

Option 35 — ROM Option — required
for the addition of multiple options.
Refer to the option summary for list of
options requiring the ROM option
board.

Option 41 — Self Test — The standard
4025 performs an automatic “self
test” on power-up. This test verifies
the initial status, memory, and opera-
ting parameters. The optional self
test feature provides additional test-
ing capabilities to verify options and
peripheral availability.

Power requirements:

Line plug and power cord — 15 ampere
capability, detached

Input line voltages —

Standard —

115 VAC, 3A
90-100 V (low)
105-125 V (med)
112-136 V (high)

Option 48 —
220VAC,1.5A

180-220 V (low)
208-252 V (med)
224-272 \ (high)

Line frequency — 49 to 63 Hz

Power consumption — 295 W
maximum at 125 VAC

Safety recognition — Listed by Under-
writers Laboratories under the follow-
ing standards:

114 — Office Appliances

478 — Electronic Data Processing

Units and Systems

Also certified by Canadian standards

Association under standard C22.2

No. 154.

Physical characteristics:
Weight — 27.2 kg (60 Ibs.)
Dimensions:
Cabinet:
Height — 31.7 cm (12.5in.)
Width — 44.5¢cm (17.5in.)
Depth — 54 cm (21.25 in.)
Keyboard:
Height — 7.6 cm (3 in.)
Width — 45.7 cm (18 in.)
Depth — 23.5¢cm (9.25in.)
Environmental:
Temperature —
—60 to +50° C (Storage)
+10 to +40° C (Operating)
Humidity — 0 to 95% (Storage)
0 to 70% (Operating)
Altitude — to 50,000 feet (Storage)
to 15,000 feet (Operating)

4025 Option Summary

Option:
1 Half Duplex Interface (see note
DY e e e B K B E R $140
2 Current Loop Interface ... .. .. $230

3 RS-232-C Peripheral Interface
(Transmit Only). See Note 1. . .$300
4 GPIB Peripheral Interface (see

notel) ... $400
10 Polling Interface ............. $250
11 Polling Cantroller ««.:vusss. $2,000

20 8K bytes of Display Memory . .$250
21 16K bytes of Display Memory .$750
22 32K bytes of Display Memory $1750
23 4K bytes of Graphics Memory

(note2) ... $550
24 8K bytes of Graphics Memory

Ce Y . nm e m i WG B 10 8 $800
25 16K bytes of Graphics Memory

(note2) ..., $1300
26 32K bytes of Graphics Memory

(e B . .5 50500 5 wms v s o $2300

31 Character Set Expansion ... .. $250
32 Ruling Characters (note 3) ... .$150
34 Math Characters (note 3) .. ... $100

35 ROM Expansion ............. $100
36 Peripherals (Used with options 3

and4)seenote2. ........... $150
40 Hard Copy and Video Output . .$70
41 Self Test (note 2 &4) ......... $100
48 220 Volts, 50Hz ........ No charge
Notes:

1. Requires options 35 and 36

2. Requires option 35

3. Requires option 31

4. Option 1 & 41 cannot be configured
together.

Ordering Information
4025 Computer Display Terminal . .$3595
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4024 Computer Display Terminal

The complete
alphanumerics
terminal

Everything you need for data entry,
program writing, editing and forms
fill-out. The 4024 was designed to
allow fast, straight-forward interaction
with your host computer and maximum
efficiency in the manipulation of alpha-
numeric data. For writing and editing
programs. Editing text. Or for filling out
and editing forms.

4024 Specifications

Display Mechanism:
Display type — Video Monitor
Screen size — 30 ¢m (12 in.) diagonal
Usable display area — 16.2 cm x 21.6
cm (6.38x8.51in.)
Phosphor type — P39 green phosphor
Video bandwidth — 20 MHz
Raster lines: Standard 525 line scan,
with 480 lines displayed.
Scan — 30 Hz
Refresh rate:
Dot— 30 times/second
Frame — 30 times/second
Field — 60 times/second

Display Characteristics:

Cursor type — Wide underscore

Character size — 7 x 9 in a 8 x 14 dot
matrix

Character sets:
Standard — 64/96 upper and lower
case ASCII

Optional (Option 32)— Rulings charac-
ter set — 32 characters for single and
double line ruling. Used for forms
generation.

Characters/line — 80

Lines/display — 34

Total characters/display — 2740

Visual attributes — Characters can be
on an enhanced background. In ad-
dition the display can “blink” (alter-
nate) between combinations of
visual attributes.

Logical attributes — Fields can be pro-
tected, modified, alphanumeric, or
numeric.
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Interface characteristics:

Transmission speed — The transmit-
ting and receiving baud rates are inde-
pendently selectable using internal
strap selection. The baud rates avail-
able are: 75, 110, 150, 300, 600, 1200,
2400, 4800, and 9600 baud.

Interface with Host computer:

Standard — RS-232-C full duplex

Option 02 — 20 mA current loop

Option 10 — Polling Interface — per-
mits multiple terminal configurations
on one host communication line.
Terminal interface is current loop
using TEKTRONIX 4020 Series Pol-
ling Protocaol.

Command format — English
Communications — Buffered or
unbuffered.

Buffering and editing capabilities:

Size of Display Memory — 4K bytes

standard; may be expanded to 8K

bytes (Option 20), 16K bytes (Option

21), or 32K bytes (Option 22).

Parts of Memory — _
Monitor — Holds and displays con-
versational text, such as conversa-
tions between the user and the host
computer, or commands to the 4024.
Workspace — Holds and displays
text or forms. One or several pages
of text can be saved in the work-
space, edited, and later sent to the
host computer or to the printer.



Keyboard specifications:

Number of keys — 86

Lighted keys — 4 (insert mode, TTY

lock, Numeric lock and Command

lockout)

Programmable keys — 80

Major keyboard functions — Typewriter
keys, terminal function control keys,
programmable function keys,
numeric pad, cursor control and
scrolling.

Tactile functions — Curved profile, tac-
tile feedback at typing “home”
position.

Relationship to display —

Detachable, flexible 2.5 m (7 ft)
cable

Editing keys — Delete character, De-
lete line, Erase and skip, Insert line
and Insert mode.

Power Requirements:
Line plug and power cord — 15 Am-
pere capability, detached.
Input line voltages — Standard —
115 VAC, 3A
90-110 V (low)
105-126 V (med)
112-136 V (high)
Option 48 —
220 VAC, 1.5A
180-220 V (low)
208-252 V (med)
224-272 V (high)
Line frequency — 49 to 63 Hz
Power consumption — 285 W
maximum at 125 VAC.
Safety recognition —
Listed by Underwriters Laboratories
under the following standards:
114 — Office Appliances
478 — Electric Data Processing
Units and Systems
Also certified by Canadian Standards
Association under standard C22.2
No. 154

Physical characteristics:
Weight — 25 kg (58 Ib.)
Dimensions:
Cabinet
Height — 31.7 cm (12.5in)
Width — 44.5cm (17.5in)
Depth — 54 cm (21.25 in)
Keyboard:
Height — 7.6 cm (3 in)
Width — 45.7 cm (18 in)
Depth — 23.5¢cm (9.25)
Environmental:
Temperature —
—60 to +50° C (storage)
+10 to +40° C (operating)
Humidity —O to 95% (storage)
0to 70% (operating)
Altitude —Storage — to 15000 m
(50,000 feet)
Operating — to 5000 m
(15,000 feet)

4024 Option Summary

Option
2 20 mA Current Loop . ve.« . $230
3 RS-232-C Peripheral Interface,
transmitonly . ................ $300
10 Polling Interface ........... $250

20 8K bytes Display Memory . .$250
21 16K bytes Display Memory .$750
22 32K bytes Display Memory $1750
32 Rulings Characterset ... ... $150
48220V, 50Hz ......... No charge

Ordering Information
4024 Computer Display Terminal . .$2995
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40061 Computer DlsplayTermlnaI

The power of Graphics
for the price of alpha-
numerics.

The 4006-1 is a Tektronix break-
through towards making interactive,

high-resolution Graphics applicable 1 INTERACTIVE

and affordable to cost-conscious dis- . 31“"’/ \  GRAPHING
ciplines and departments. ' 5 m?,..,... ®%  PACKAGE

Priced no more than many alpha-
numeric terminals, the 4006-1 makes
graphic capability as practical for the
stockroom, the classroom and the con-
ference room as for other departments
where Graphics is used.

Specifications:

Display Medium:

Direct View Bistable Storage CRT
Display Area:

7.5 inches wide by 5.6 inches high
(19.05cm x 14.22 cm)

Alphanumeric Mode Format:
35 lines, 74 character per line
2590 characters full screen

Character Set:
63 printing characters (TTY ANS|
Code)

Character Generation:
5 x 7 dot matrix

Cursor:

8 x 8 dot matrix

Graphics Display Mode:

Vectors only

Vector drawing time, 3.6 +.2 ms.
Information density:

1024 X by 1024 Y addressable points
1024 X by 780 Y viewable points
Baud Rate:

Transmit and receive independently
selectable from 75 to 4800 baud

Input power:

110/240 VAC (Low, Medium, High)
50 to 440 Hz, 105W

Operating Temperature:

+10°Cto +40°C

Operating Altitude:
To 15,000 feet
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Physical Characteristics:

Height, 1238 inches (31.43 cm.)
Width, 15% inches (38.74 cm.)
Length, 27%2 inches (69.85 cm.)
Net weight, 42 pounds (19.05 kg.)
Shipping weight, 50 pounds

(22.68 kg.)

Computer Interfaces:

The 4006-1 is shipped with a Standard
Data Communication Interface, with
inputs and outputs conforming with
EIA RS-232-C, Asynchronous Full
Duplex only. Option 1: Half Duplex
Interface

Companion Products:
4631 Hard Copy Unit
4923 Digital Cartridge
Tape Recorder
4662 Interactive Digital Plotter

Accessories:

Standard Accessories:

A User’s Manual is supplied at no extra
cost.

Ordering Information
4006-1 Computer Display Terminal $2995



Computer Display Terminal

Flicker-free
alphanumerics with
picture-perfect
Graphics.

Easy input. Easy-to-use output.

The 4010-1 Computer Display Terminal
is an easy to use, cost effective tool that
brings out the best of Tektronix famous
Graphics capability. It has been en-
gineered for interactive communica-
tions, a variety of operating modes and
easy system expansion.

Up to 1024X by 780Y viewable points
may be displayed on the 4010-1's
flicker-free 11" (27.9 cm) screen. The
result: high-resolution graphs, charts,
diagrams and renderings, without de-
lays for printout or hand plotting. For
immediate analysis and manipulation,
graphic data can be input via the
standard TTY-style keyboard or with
the thumb-wheel controlled cross-hair
cursor.

Specifications:

Display Medium:

Direct View Storage CRT.

Display Area:

7.5 inches wide by 5.6 inches high
(19.05 cm x 14.22 cm).

Alphanumeric Mode Format:
35 lines, 74 characters per line, 2590
characters full screen.

Character Set:
63 printing characters. (TTY ANSI
Code).

Character Generation:

5 x 7 dot matrix

MOS Read-Only Memory
1200 Characters per Second

Cursor:

Pulsating 5 x 7 matrix

Graphic Display Mode

Vectors only.

Vector Drawing Time, 2.6 ms. 1024X by
1024Y addressable points.

1024X by 780Y viewable points.

Graphic Input Mode:

Thumb-wheel controlled cross-hair
Cursor.

3 through 1023X, 0 through 780Y.
Input Power:

110/220 VAC (Low, Med, Hi).

50 to 400 Hz, 110W

Operating Temperature:

+10°to +40° C.

Physical Characteristics:
Dimensions:

Height, 41%2 inches (103.41 cm).
Width, 15 inches (38.1 cm).
Length, 28%2 inches (72.39 cm).
Weight:

Net, 78 pounds (35.10 kg).
Shipping, 87 pounds (39.15 kg).

Computer Interfaces:

Basic Data Communication Interface
included with the 4010-1 is EIA RS-
232-C compatible, Full Duplex only.

4010-1

Option 1 — Optional Data Communica-
tion Interface (EIA RS-232-A or C) in-
cludes convenient switch-selectable
functions including local-echo, full-
duplex, half-duplex, and independent
transfer and receive rates of 110, 150,
300, 600, 1200, 2400, 4800 and 9600
BItS/SEC « o oo ve s e $400

Note: EIA RS-232 is comparable to the
European Standard CCITT (V.24).

Ordering Information
4010-1 Computer Display Terminal $4950
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4012/13 Graphic Display Terminals

4012: Full ASCII Characters set
4013: APL-compatible

Full ASCII, flicker-free Graphics with
APL option. Alphanumerics can
transcribe computer data; Graphics
can interpret and amplify that data.
We've made high-resolution graphic
representation and upper-and lower-
case ASCII alphanumerics available in
4012 and APL-language 4013 Graphic
Display terminals.

The 4012/4013’s flicker-free 11-inch
(27.94 cm) screen provides up to
1024 X by 780Y viewable graphic
points or as many as 2590 A/N charac-
ters per display. The TTY-style
kKeyboard simplifies input, while the
thumbwheel controlled cross-hair cur-
sor enhances graphic input.
Specifications:

Display medium:

Direct View Bi-Stable Storage CRT
Display Area:

8 inches (20.3 cm) wide x 6 inches
(15.2 cm) high

Alphanumeric mode:

Format

74 characters per line

35 lines per display

2590 characters per display
Alphanumeric cursor:

Pulsating 7 x 9 dot matrix

Character set:

94 printing characters on 7 x 9 dot mat-
rix (Full ASCII code)

94 character APL set (4013 only)

Character size:
85 mils x 105 mils

Character generation:

7 x 9 dot matrix

MOS Read-Only Memory

1,000 characters per second

Graphic mode:

Vectors only

Vector drawing time 2.6 ms

Graphic matrix:

1024(X) x 1024(Y) addressable points
1024(X) x 780(Y) viewable points
Interactive graphics mode:
Thumbwheel controlled crosshair cur-
sor 3thru1023 X, 0thru 780 Y

14f

Local mode:
Terminal isolated from CPU, keyboard
data is displayed and executed

Hard copy mode:

Allows a copy to be made of display by
a hard copy unit

Input power:

110/220 (Hi, Med, Low) VAC strappa-
ble 48 to 440 Hz, 110W

Operating temperature:
+10°C 1o +-40°C
Operating altitude to 15,000 feet

Dimensions:

Height — 41.5 inches (105.4 cm)
Width — 19 inches (48.3 cm)
Depth — 29 inches (73.7 cm)
Weight:

90 pounds (40.9 kg)

Computer Interfaces:

Basic Data Communication Interface
included with the 4012 or 4013 is EIA
RS-232-C compatible. Full duplex only.
Option 1 — Optional Data Communi-
cation Interface (EIA RS-232-A or C)
includes convenient switch-selectable
functions including local-echo (echo-
plex) full-duplex, half-duplex, and in-
dependent transfer and receive rates
of 110, 150, 300, 600, 1200, 2400, 4800
and 9600 bits/sec ... ........... $400

Note: EIA RS232 is comparable to the
European Standard CCITT (V.24).

Ordering Information
4012 Computer Display Terminal . .$6350
4013 Computer Display Terminal . .$6850



Graphic Display Terminals

4014-1: Full ASCII character set
4015-1: APL compatible

High-resolution, low-cost, APL op-
tion: our 19" (48.26 cm) Graphics
terminal. The most effective way to
display a large data base is big screen
Graphics. The 19-inch (48.26 cm)
flicker-free 4014-1 and APL-language
4015-1 Graphic Display Terminals give
you capabilities in all kinds of
applications—mapping, design, man-
ufacturing, medicine, energy explora-
tion and many more.

Big screen. Big features. The 4014-1

and 4015-1 offer 1024X by 780Y dis-

playable points standard, up to 4096X

by 3120Y displayable points optional,

with the Enhanced Graphics Module.

Full 96-character ASCII keyboard with

four program-selectable alphanumeric

formats. Up to 8512 characters on dis-

play at once. Graphic crosshair cursor

control, and hard copy compatibility.

Specifications:

Display medium:

Direct View Bi-Stable Storage CRT

Display area:

15 inches (38.1 cm) wide by 11 inches

(27.9 cm) high

Alphanumeric mode:

Four program-selectable formats:

1. 74 characters per line with 35 lines
per display.

2. 81 characters per line with 38 lines
per display.

3. 121 characters per line with 58 lines
per display.

4. 133 characters per line with 64 lines
per display.

Alphanumeric cursor:

7 x 9 dot pulsating cursor

Character set:

4014-1—Full ASCII character set (94
printing characters).

4015-1—Full ASCIl and APL character
sets (188 total printing characters).

Vector mode:

Vector drawing time is 5000 inches per
second (127 meters).

1024(X) by 1024(Y) addressable points
(10 bits).

1024(X) by 780(Y) viewable points.

Enhanced graphics module:
4096(X) by 4096(Y) addressable
points (12 bits).

4096(X) by 3120(Y) viewable points.
Vector formats:

5 formats, including straight, dotted
and dashed lines.

Point plotting modes:

Point Plot Mode

Special Point Plot Mode—absolutely
addresses points with program control
of plotted point size—.010 to .050 inch
(0.25 to 1.27 mm) approximate point
sizes.

Incremental Plot Mode—relative ad-
dressing 1 of 8 directions, one step at a
time.

Interactive graphic mode:
Thumbwheel controlled crosshair
cursor.

3 thru 1024 addressable points
horizontally.

0 thru 780 addressable points
vertically.

Power source:
110/220 (Hi, Med, Low) VAC 48 to 440
Hz, 350 W.

40141/151

Dimensions:

Height—43Y2 inches (110.48 cm)
Width—20 inches (50.80 cm)
Length—32%2 inches (82.55 cm)
Weight:

150 pounds (68 kg)

Computer Interfaces:

Basic Data Communication interface
included with the 4014-1 or 4015-1 is
EIA RS-232-C compatible. Full duplex
only.

Option 1—Optional Data Communica-
tion Interface (EIA RS-232-A or C) in-
cludes convenient switch selectable
functions including local-echo (echo-
plex), full-duplex, half-duplex, and in-
dependent transfer and receive rates
of 110, 150, 300, 600, 1200, 2400, 4800
and 9600 bits/sec . ............. $400

Note: EIA RS-232-C is comparable to
the European Standard CCITT (V.24).

Ordering Information
4014-1 Computer Display

00010 P m————— $11,650
4015-1 Computer Display
Terminal ......... o sesemocs oo m $12,700




4051 Graphic System

Desktop Computational Power
Alphanumerics and Graphics
High-level BASIC

Up to 32k Work Space

Central Processing Unit

Type:

LSI Microprocessing Unit.

Work Space Size:

8k bytes standard expandable to 32k
bytes.

Programming Language:

BASIC with integrated operating sys-
tem, built-in graphics, and numerous
other extensions.

Numeric Accuracy:
14 decimal digits.

Numeric Range:
1 %10 908

Internal Peripherals

Keyboard:

Complete upper and lower case al-
phanumerics with autorepeating keys.
Full ASCII. 128 characters.

10 Function Keys with SHIFT for up to
20 separate function calls.

Five keys with SHIFT, control 10 differ-
ent editing functions used to modify
BASIC source programs.

Calculator key pad including 10 key
numeric pad, 5 math-operator keys,
decimal point, and parenthesis.
Control keys:

AUTO NUMBER—generates program
line numbers automatically; STEP—
executes program steps one at a time;
AUTO LOAD—automatically leads and
runs File 1 on tape; REWIND—rewinds
tape; MAKE COPY—activates optional
4631 Hard Copy Unit.

Display Characteristics

Type:

Direct view storage crt.

Dimensions:

8 in wide by 6 in high (20.3 cm x 15.2
Gk,

Alphanumeric Format:

72 characters per line, 35 lines: 2520
total.

Character Set:

Full ASCII character set, including
upper/lower case. Also includes
Scandinavian, German, General Euro-
pean, and Spanish fonts.

Graphic Resolution:
1024 x 780 points.

14h

Hard Copy:
Compatible with our 4631 Hard Copy
Unit.

Tape Drive

Type:

3M DC300A cartridge.
Capacity:

300k bytes max (dependent on
number of files).

System Characteristics:

File structures for storage of programs
or data. Access is via 4051 BASIC op-
erating system.

General-Purpose Interface Bus
(GPIB)

Specifications:
Conforms to IEEE standard 488-1975.
Byte serial, bit parallel transfer mode.

Control Mode:

External devices can be serviced via
interrupt procedures available in the
BASIC operating system. Enable/
disable, polling, and data transfer
commands are available under pro-
gram control.

Power Requirements

Operates between 90V to 132V RMS, or
180V to 264V RMS, 48-66 Hz, 200W
max.

4051R01 Matrix ROM:

Supplements the 4051 with five com-

monly used matrix functions: multiply,
franspose, inverse, determinant, and

identity. ... L $350

4051R05 Binary Program Loader ROM:
May be used to rapidly store and load
programs in binary machine code al-
lowing the programs to bypass transla-
tion during a SAVE, OLD, APPEND or
LINK process. ................. $200

4051R06 Editor ROM:

May be used to expand the capabilities
of the 4051 by editing text that is
collected and stored on the 4051

tape ... $600

Physical Characteristics
Height:

13.6in (34.5cm)
Width:

18.3in (46.5 cm)
Length:

32.5in (82.6 cm)
Net Weight:

65 Ib (29.5 kg)
Shipping Weight:
81 Ib (35.8 kq).

Ordering Information
4051 Graphic System ............ $7500



Interactive GraphicsTerminal

Merging Storage and Refresh
Graphics to Create A Technological
First.

The 4081 Interactive Graphics Ter-
minal has incorporated the benefits
of both a refresh-type and a
storage-type display via the use of a
specially-designed display controller.
This terminal allows the user to display
storage and refreshed information
simultaneously.

With the 4081 a user can display high
resolution, high density pictures with
storage while concurrently displaying
dynamic pictures using refresh.

The 4081 Interactive Graphics Terminal
provides both technologies at a signif-
icantly lower price than a refresh-only
display.

Product Data:

General:

Asynchronous RS-232 communica-
tions interface operating at 110 to 4800
baud in full or half duplex mode

Cartridge magnetic tape drive with
256K-byte storage capacity

Alphanumeric keyboard with full upper
and lower case ASCII characters

Twelve function keys

Joyswitch with terminator button
Four system status lights

4014 terminal emulation

Control storage standard with optional
picture data storage

Up to eight peripherals

CRT Controller:
Maintains a refreshed picture

352 unique hardware dash patterns
Four levels of beam intensity

Writes stored image

CRT Display:

Graphic write rate of 56,000 vector-

cm./sec. in refresh and 14,000 vector-
cm./sec. in storage

2048 x 1536 displayable raster units
Resolution of 16 line pairs/cm.
Spot size of 20 mils, maximum

Flicker free for up to 1600 vector cm. or
800 vectors refresh, 50,000 vector cm
storage

€Y

Specifications:

Power:

115-volt, 30 amperes, 60 Hz, single-
phase power

Power consumption 3450 watts, 11,782
BTU/hr.

Physical:

Height—49.6 inches (126 cm)

Width—60.1 inches (152.6 cm)

Depth—30.1 inches (76.5 cm)

Weight—720 Ib. (326.5 kg)

Environment:

Operating temperatures—+10°C to
+35°C (+32°F to +95°F)

Operating altitude—to 15,000 ft. (to
4572 m)

Shock—20g's (non-operating)

Standard Features:

4014 Terminal Emulator

Local Graphics transfer

Local storage of graphics information
Host control of terminal functions
Command language

Device independence

Hard copy compatible

Host-Terminal data error detection

Standard Accessories:

RS-232-C Interface
Terminal Manuals

Ordering Information *
4081 Interactive Graphics

L 01 pr: | R, $27,000

*The 4081 may not be available in some areas of the

world. Consult your Distributor or Representative.

4081
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Compatible in all RS-232-C ASCII
environments; and with Plot-10
Graphic Software.

4662 Interactive Digital Plotter

An intelligent plotter: what will it
think of next? The 4662 is the first
plotter with built-in processing power.
As such it has the capability to work on
its own, without bogging down compu-
tational operations. Studded with
state-of-the art technology, it works
with an accuracy and repeatability
that no other low-cost plotter can
approach.

Specifications:
Performance Characteristics:

Plotting area:

X-Axis greater than 15” (381 cm)
Y-Axis greater than 10" (254 cm)
Repeatability:

+0.0025" (+0.06 mm)

Default Accuracy
+0.0025 inch; +=0.4% of vector length

Boundary Definable Accuracy
+0.005 inch

Time to Maximum Velocity:
approx. 120 ms.

Data Resolution:
0.005" (0.127 mm)

Plotting rate:
16-22 IPS vector dependent (406-559
mm/sec).

Point plotting rate:
Pen action rate 10 points/sec. max.

Character set:

95 ASCII printing characters plus BEL,
BS, CR, FF, HT, LF and VT control
characters.

Pen Control:

By software control or by operation of
front panel PEN button. Pen may be
disabled manually.

Position controls:

Joystick vector rates variable from .015
ips to 4 ips. (.38 mm/sec to 102 mm/
sec)

Writing method:

Nylon-tipped pen.

Paper size:

11" x 17" maximum (279 mm x 432 mm)
Paper retainer:

Electrostatic holddown.

Drive characteristics:

Pen motion in the X and Y axes is con-
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trolled by four phase stepping motors
operating through a precision pulley/
cable system.

Operating Modes:

The 4662 has 2 input modes in RS-
232-C; Alphanumeric (Alpha), Graphic
plot (Graphic). The 4662 also has
Graphic Input (GIN) to the host.
General Purpose Interface Bus (GPIB)
Specifications: Conforms to IEEE
standard 488-1975. Byte serial, bit

parallel transfer mode.

Input Power:

90W maximum, 60W typical. Selection
of 105V £14%, 116V +14%, 210V
+14%, 232V £14%. Line frequency 48
to 66 Hz.

Dimensions:

Width: 2038"/517 mm. Height: 8"/203
mm. Depth: 19%2"/495 mm.

Weight:

30 Ibs. 4 0z., 13.8 kg.

Shipping Weight:

45 Ibs. 14 0z., 20.8 kg.

Environmental:

Temperature:
Operating 0° to 50°C. Non-operating
—9°C 16 +75°C.

Altitude:
Operating to 15,000 feet.
Non-operating to 50,000.

Safety Considerations:
Designed to UL and IEC standards. UL
listed. CSA approved.

Transportation:

Qualities under National Safe Transit
Committee test procedure, 1A, Cate-
gory Il.

Standard Accessories:

Power cord.

4662 RS-232-C cable.

3 pens each, black, red, green, blue.
User's Manual.

Stylus (for digitizing cursor).

Paper (100 sheets, 11" x 17" 279 mm x
432 mm) linear grid lines 10 x 10 to the
inch.

Optional Accessories:

Pens.

Paper. (Linear, logarithmic, blank) Dust
cover.

"REMOTE CALL" foot switch.

Option 1, GPIB cable. 2 meters long.

Carrying/shipping case ...Nocharge

Ordering Information
4662 Interactive Digital Plotter ....$4195



Hard Copy Unit

Compatible with entire line of
graphic display terminals, the 613
Storage Display Unit, the 4051
Graphic Computing System and the
4081 Interactive Graphics Terminal.
Multiplexes up to four display termi-
nals and/or display monitors.

Variable formats. Easy maintenance.

Quick, clean, dry results. When on-
screen data needs to be preserved
812" x 11" (21.6 x 27.9 cm) hard copies
are the answer. They're convenient,
permanent and easy to work with.

Specifications:

Paper size:

812 x 11 inches (21.6 x27.9 cm)

Copy size:

Format A, position | and Ill, produces
an 8.85x 6.7 inch (22.5x17.0 cm)
copy, oriented horizontally on an 82 x
11inch (21.6 x 27.9 cm) piece of paper.

Format B, position Il, produces a 7.1 x
5.4inch (18.0 x 13.7 cm) copy, oriented
vertically on an 8%z x 11 inch (21.6 x
27.9 cm) piece of paper [not recom-
mended for 19” (48.26 cm) display
tubes].

Copy time:

Approximately 18 seconds for first
copy. Additional copies of the same
display take about 10 seconds each.
36 seconds for first copy when using
position Il and 17 seconds for addi-
tional copies of same display.

Exposure time:

Position | and Il, approximately 7 sec-
onds; position Ill, approximately 14
seconds.

Warmup time:
10 minutes.

Ambient temperature:
0°C to +35°C is recommended

Power source:

(Factory-wired options)

100 VAC 50-60 Hz

115 VAC 50-60 Hz

120 VAC 50-60 Hz

200 VAC 50-60 Hz

220 VAC 50-60 Hz

230 VAC 50-60 Hz

240 VAC 50-60 Hz
Dimensions:

Height—11.6 inches (29.5 cm)
Width—16 inches (40.6 cm)
Length—25.5 inches (64.9 cm)
Weight:

Approximately 65 pounds (29.48 kQ)

4631

Options:
Option 1—Copy Counter—
Automatically counts the copies made
bythed4631. ................. $60.00
Option 2—Four Channel
Multiplexer—One 4631 can copy up to
4 separate terminal displays and/or
storage display units. ........ $575.00
Option 31—4025 compatible
......................... No charge

Standard accessories:

User’s Manual

One 10-foot (3.05 m) Connecting Cable
(Part No. 012-0547-00)

Optional accessories:

Service Manual

10-foot (3.05 m) Connecting Cable
(Part No. 012-0547-00) . .. ... $80.00

20-foot (6.1 m) Connecting Cable
(Part No. 012-0548-00) . .. .. $115.00

50-foot (15.2 m) Connecting Cable
(Part No. 012-0549-00) . . . .. $170.00

Paper:

One roll of 3M Type 7770 Dry-Silver
paper will be included with each hard
copy shipment. Refills may be pur-
chased from Tektronix, Inc. For one roll,
order Part No. 006-1603-00. .. .$50.00
For one carton of 4 rolls, order Part No.
006-1603-01. . ............... $180.00
Remote signal input:

Remote Copy—TTL, a logic level “LO"
(>1 msec.) initiates a copy command.
QOutput signal:

Copy Busy—Open collector low during
time plus 3 seconds.

Ordering Information
4631 Hard Copy Unit .........-.. $4295

14k



4632 Video Hard Copy Unit

Clean, crisp reproduction from any
standard video system.

Compatible with the 4023 alpha-
numeric display terminal and video-
refreshed display monitors.

The 4632 Video Hard Copy Unit lets
you make paper copies of any video-
refreshed raster image at the line rate
you choose, whether your input is
standard video (TV-type), or a digital
video signal. Within seconds, you've
got aclean, dry 8%2 x 11inch (21.6 x
27.9 cm) copy of your display, gray
scale or black/white, characters or
graphics.

Specifications:

Characteristics:

Copy size:

Adjusted to 8.4" x 6.3" (21.3 x 16.0 cm)
Copy time:

Approximately 18 seconds for first
copy (typical 525 line, 60 Hz display).
Additional copies of the same display
take about 8 seconds each.

Warmup time:
10 minutes

Ambient temperature:
0°C to +35°C is recommended

Power source:
(Factory-wired options)
100 VAC 50-60 Hz

115 VAC 50-60 Hz

120 VAC 50-60 Hz

200 VAC 50-60 Hz

220 VAC 50-60 Hz

230 VAC 50-60 Hz

240 VAC 50-60 Hz

Dimensions:

Height—11 inches (27.9 cm)
Width—16 inches (40.6 cm)
Length—25.6 inches (64.9 cm)
Weight:

Approximately 65 pounds (29.48 kg)
Options:

Option 1—4-digit Copy Counter—
Automatically counts the copies the
4632makes. . ... ... $60
Option 2—Four-Channel
Multiplexer—One 4632 can copy up to

4 separate video displays. ...... $575
Option 3—Setup for 625 line/50 Hz
field operation............. No charge
Option 4—Setup for 1029 line/60 Hz
field operation............. No charge
Option 5—Compatible with Tektronix
4023 terminal. ............ No charge
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Option 6—Enhanced Gray Scale. $200
Option 7—Compatible with HP2640
Seriesterminals. ............... $100
If not specified, the 4632 will be set

up and shipped to operate on 525 line
60 Hz.

Standard accessories:
75 Ohm Terminator

(Part No. 011-0102-00)
User’s Manual

Optional Accessories:

Service Manual

Interconnecting Cable, 75 Ohm, BNC,
25 feet (7.6 m)

(Part No. 012-0157-00) ......... $18
10 ft. (3.05 m), 15 pin interconnecting
cable

(Part No. 012-0504-00) ........ $70
20 ft. (6.1 m), 15 pin interconnecting
cable

(Part No. 012-0504-01) ......... $75
50 ft. (15.2 m), 15 pin interconnecting
cable

(Part No. 012-0504-02) ........ $90

200 ft. (60.1 m), 15 pin interconnecting
cable

(Part No. 012-504-03) ........ $230
For information concerning interface
requirements for your particular video
application, contact your local
Tektronix Sales Engineer.
Paper:
One roll of 3M Type 7770 Dry-Silver
paper will be included with each hard
copy shipment. Refills may be pur-
chased from Tektronix, Inc.
For one roll, order Part No.

006-1603-00. ................... $50
For one carton of 4 rolls, order Part No.
006-1603-01. ... ................ $180

Ordering Information
4632 Video Hard Copy Unit ...... $4295



File Manager

Low cost mass storage, compatible
with the 4051.

Now your 4051 can command a
high-capacity, highly reliable mass
storage device with built-in file man-
ager and controller. Our 4907 brings
together more advanced capabilities
and conveniencies than you'll find in-
tegrated into any comparable periph-
eral. Yet its ease of operation and com-
pact design make it a natural compan-
ion to 4051 computing.

The 4907 is a direct access, flexible
disc device, with a double density
read/write feature that enables up to
630,000 byte capacity per disc.

These are many of the major
features and capabilities
contained within the 4907:
Double-density read/write
High-level system software

630,000 bytes per disc total user-
available space

Disc Caching (data buffering) in 15
caches of 256 bytes each

Up to 9 simultaneously open files
Password protected library capability

Implementation of execute-only
(secret) files

ASCII and Binary data and program
storage and retrieval

Cyclic Redundancy Checking (CRC)
for greater reliability

Named file saves

Dynamic file expansion

Real Time Clock

GPIB (IEEE 488-1975) compatible

As an option, up to two additional disc
drives can be connected to one 4907.

It is compact enough to fit on a desktop
or in a rack mount.

Software commands are extensive, as
you'd expect from one of the most tal-
ented file managers and mass storage
devices on the market.
Specifications:
Technical:
Total number of tracks per disc:
77 max
Number of user-available tracks: 77
max
Number of sectors per track: 32

Number bytes per sector: 256

Total user-available storage per disc:
630,000

Rotational speed: 360 rpm

Average access time: 340 ms

Transfer time: 4.2 ms/sector

Power requirements:
100 VAC to 240 VAC, 50 Hz to 60 Hz

Power consumption:
200 watts at 120 VAC, 60 Hz Max.
2 amps

Dimensions:
Width—20.26" (51.46 cm)
Depth—25.75" (65.41 cm)
Height—7.7" (19.56 cm)
Weight—60 Ibs. (132 kg)

Standard Accessories:
4907 Installation Guide
4051 File Manager ROM Pack
4051 File Manager Operator’s Manual
4051 File Manager Pocket
Reference Card
Line Cord
GPIB Cable
1 Flexible Disc
Cleaning Pads

4907

Optional Accessories:

Option 30 — Second disc drive .$2500
Option 31 — Third disc drive ...$4000
Flexible discs (10 per package)

4907 Service Manual

4 meter GPIB cable

Environmental Range:

System operating temperature range:
10°C to 35°C (ambient)

Storage temperature:

-30°Cto +60°C (without media)

Relative humidity: 20% to 70% (25.5°C
max wet bulb temperature)

Heat dissipation: 275 BTU/hr max

Ordering Information
4907 File Manager .............. $3900

14m




GMA Series OEM Computer Displays

19-inch high-performance modules

Graphic and alphanumeric displays
with varied storage and refresh
capabilities.

The GMA Series is a new display
product family designed to provide a
glove fit to your OEM application. It
achieves this through the blending of
storage and refresh technologies,
modular construction, and a variety of
performance, interface, and packag-
ing options.

The GMA 101A is the lowest cost 19-
inch DVST display available. It is tai-
lored for applications which empha-
size storage graphics, with only limited
refresh capability. The fast drawing rate
of the GMA 101A allows the entire
screen to be redrawn in less than one
second, permitting effective zooming
and panning.

The GMA 102A is designed for the
OEM who wants the combined benefits
of storage and refresh technologies.
Storage mode presents high-
resolution, high-density graphics at
low cost, while the refresh feature adds
the benefits of selective erase, interac-
tivity, and dynamic motion with the
same high resolution of storage. By
placing fixed or finalized data in store
while retaining dynamic or working
data in refresh, you can achieve high-
density interactive graphics while al-
lowing the computer to address the
application rather than support the
display. This maximizes computer effi-
ciency and productivity, while reducing
memory costs.

The modular construction of both the
GMA 101A and 102A allows you to
select the exact features you need to
get the job done, without paying for
unwanted features. You can package
the display according to your own sys-
tem design needs. The wireform chas-
sis permits the display to be vertical or
tilted as far back as 15° from vertical
and oriented in either the horizontal or
vertical (page) format. It also facilitates
circuit board removal and overall
servicing.

The GMA Series includes many op-
tions with such features as:

llluminated spot overlap (12-bit resolu-
tion), which produces smooth vectors
of unsurpassed quality.
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A high-speed digital interface, which
allows easy interfacing to a computer
and faster transfer rates.

Front-panel switches for easy operator
control of erase, view, and copy func-
tions.

Blue glass filter, which enhances
viewability in fluorescent light
conditions and enhances display
image clarity.

A high-speed vector generator (GMA
102A only), which produces more re-
freshed vectors without affecting
image stability. It also provides bright
refresh, virtually as bright as storage
for 60 Hz refresh rates.

A high-speed character generator,
which allows more refreshed charac-
ters per second without affecting
image stability, and increases through-
out.

Design Characteristics

Crt:

19-inch (48 cm) diagonally measured
Direct View Storage Tube

Addressable Area:
10.5in(26.7 cm) x14in (35.6 cm).

Stored Resolution:

Screen center, 80 picture elements per
inch (31 picture elements/cm). Screen
periphery 70 picture elements per inch
(28 picture elements/cm).

Stored Dot Writing Time:

S usorless.

Stored Vector Writing Rate:

GMA 101A—3937 in/s (10 cm/ms).
GMA 102A—5900 in/s (15 cm/ms).
Refreshed Vector Writing Rate

GMA 101A:

(Non-store) 19,685 in/s (50 cm/ms),
650 vector inches (maximum) at 30
frames per second.

Refreshed Vector Writing Rate

GMA 102A:

(Write-thru and non-store) 47,240 in/s
(120 cm/ms), 1575 vector inches
(maximum) at 30 frames per second.

Ordering Information*

Available to qualified OEM buyers only.

*The GMA may not be available in some areas of the
world. Consult your Distributor or Representative.



OEM Storage Computer Displ

11-inch high information density
alphanumeric storage displays.

The 11-inch storage display product
family provides a means for the system
builder to offer flicker free, high density,
high resolution graphics while conserv-
INg processing memory. This is a
standard benefit of storage displays
driven with high performance mag-
netic deflection systems. Your com-
puter needs to process the display list
only once to retain the graphics quality
image. Then it can address the appli-
cation task rather than support refresh
of the display.

One product, the 611 display, is specif-
ically designed to be used in those ap-
plications requiring high resolution. Itis
capable of presenting 4000 characters
based on a 70 x 90 mil matrix. Basic
resolution of the display is 600 x 800
picture elements (short axis x long
axis). All 611 control functions are re-
motely programmable.

The lower priced 613 offers 400 x 532
picture element resolution and a differ-
ent cabinet styling. Display functions
are all remotely programmable and de-
signed to interface to digital TTL logic.

X and Y inputs to both displays are
analog, with the writing beam resting at
one of nine selectable screen positions
with zero volts applied.

dpoiuytrengasdighykls
1234567 80~ 1 Mpoiuytreng ssdigh,
12348567890~1 1 “Bpoiaytvevy nadiy
1134867890~ :
12348678901
1234867890-( 1
12345676861 )

Design Characteristics

CRT:

11-inch (27.9 cm) diagonally measured
Direct View Storage Tube.
Addressable Area:

611: Horizontal, 5.9 in. (15 cm.); Verti-
cal, 7.9in. (20 cm.)

613: Horizontal, 7.9 in. (20 cm.); Verti-
cal, 59in. (15¢cm.)

Stored Dot Writing Time:

S usec or less.

Stored Vector Writing Rate:

3937 in/sec. (10 cm/msec)

Refreshed Vector Writing Rate:
(Non-Store) 9842 in/sec (25 cm/msec)
Erase Time:

611: 500 msec or less
613: 900 msec or less

Ordering Information

611 Storage Display
(Vertical Format) ..
611-2 Storage Display
(Horizontal Format)
613 Storage Display
(Horizontal Format)
613-1 Storage Display
(Vertical Format) ..

ays 611/613

TYPE 611
| STORAGE DISPLAY UNIT

BIEZEET
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31 Programmable Calculator

31 programmable calculator
OEM Scientific Calculators

Complete desk-top calculator with
35 math function keys, and complete
alphanumeric keyboard.

The 31 is the desk-top programmable
calculator that serves as the controller
for graphic calculator systems, in-
strumentation systems, and is powerful
enough to stand alone.

The calculator comes with a 512-step
program memory and 74 data storage
registers. Programs can be kept on
magnetic tape cartridges or on PROM
(programmable-read-only-memory).
The 31 has the following features: data
entry with floating, scientific, or mixed
notation, conditional branching, un-
conditional branching, single-key reg-
ister arithmetic, indirect addressing,
symbolic addressing of subroutines,
subroutine nesting, programmable
flag, comprehensive editing, and
over-range indicator. The 31 display
has a 10-digit mantissa with a 2-digit
exponent.

The 31 Programmable Calculator also
has an optional thermal printer. This
printer operates in alpha and numeric
characters for two significant benefits.
First, for program listing, the printer
using English mnemonics lists each
program step in sequence. Second, for
interactive programs where the pro-
gram has prompted, the printer can
ask the user for specific data input, and
titled solutions can easily be produced
the same way.

Ordering Information
TEK31 Programmable Calculator .$3350
Option 1 Thermal Printer ... .. add $ 800
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Logic Analyzers

INSTRUMENTS FOR

DIGITAL DEVELOPMENT
Logic analyzers represent the latest in a
growing product family that is dedicated to
solving the special problems encountered in
the field of digital design. These problems
are those generated when digital equipment
exchanges information with other digital
equipment over many channels simultan-
eously.

Tektronix offers high performance logic analyzers
from two configurable instrument families.

The logic analyzer decodes electronic sig-
nals into data words. This enables the de-
signer to check that his random logic cir-
cuitry is performing properly and to isolate
trouble areas. It also enables the program-
mer to evaluate the performance of his soft-
ware while running on its intended hard-
ware.

Whether in design, service, or production,
the logic analyzer is the essential tool for
everyone who needs to quickly sort through
masses of digital information.

Why consider logic analyzers?

Why can’t | use a good oscilloscope instead
of a logic analyzer? This is the question
most of us ask when first shown a logic
analyzer. An oscilloscope is still the best
general purpose instrument ever developed
for analyzing an electrical signal.

Digital systems, however, depend not on a
single electrical signal but on a combination
of many such signals. The signal does not
carry information; rather, the unique com-
bination of signals at a given point in time
conveys digital information, or data. This is
why a logic analyzer is necessary.

What does a logic analyzer do?

A logic analyzer does one important thing.
It saves you time. In design and develop-
ment, in service and maintenance, in
troubleshooting hardware, in evaluating soft-
ware, logic analyzers save you time and
money by displaying logic in terms of data

The TM 515 Traveler Mainframe accommodates the
LA 501W and an SC 502 Oscilloscope to make a
complete logic analysis system for ‘‘go anywhere”
troubleshooting.
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The 7D01 Logic Analyzer with the DF2 Display Formatter converts any 7000-Series Mainframe to a logic

analyzer with seven ways to look at logic.

combinations rather than as individual sig-
nals.

To analyze signal combinations, a logic an-
alyzer acquires signals from many channels
simultaneously, and then, at an appropriate
trigger, stores the signals as data levels for
later display. Storage holds the data so you
can have as much time as you wish for
analysis.

The 7D01 Logic Analyzer can be combined with
general purpose oscilloscope plug-ins to produce a
complete system capable of logic analysis and ana-
log measurements at the same time.

Sequentially shifting data into storage al-
lows you to display data occurring before
the trigger. Since the condition you're exam-
ining may be the result of earlier data com-
binations, you may need to look back in
time from the trigger point to see what led
up to it. This we call the pre-trigger display
of data (or, sometimes, negative time) —
the unique ability to display data that oc-
curred before an error trigger was gener-
ated.

Likewise you can select a trigger point to
display data that occurs after the trigger-
post trigger display. Or, you can view a bal-
anced display of pre- and post-trigger data-
center trigger display.

But what about that trigger? Since data is
the combination of many signals, the trigger
event is most likely a combination of sig-
nals. A logic analyzer needs word recogni-
tion — the ability to recognize a unique
data word and generate a trigger when the
word occurs.

Word recognition is often the most versatile
source of triggering. Any desired parallel
word (up to 16 bits) can be selected with
front panel switches for Hi, Lo, or X (don’t
care) conditions on each channel. The word
recognizer will then trigger the logic analy-
zer whenever an incoming parallel word
matches the one selected.



The logic company

Logic analyzer systems are available with-
in two configurable instrument families from
Tektronix. Each family offers a selection of
logic analyzer elements so that you can
choose only as much analysis capability as
you need. Each set of logic analyzers is
compatible with an expanding line of instru-
mentation components so that you can
match your logic analyzer needs to your
overall instrumentation needs. In both the
7000 Series of oscilloscope-based instru-
ments and the TM 500 family of configurable
multipurpose instruments, you can match
your instrument selection to your needs to-
day. And you can expand your system as
your needs grow or as we continually add
new measurement capability to our equip-
ment families.

You can choose high-performance logic an-
alyzers from either Tektronix instrument fa-
mily. Both offer:

* 16-Channel Operation to store and moni-
tor signals on up to 16 data lines.

* Asynchronous Timing Resolution to 15 ns.

* Deep Memory to Store Pre-Trigger Data;
Formattable with data rates for resolution
of timing problems:

Asynchronous:
16 channels x 254 bits at 20 MHz
8 channels x 508 bits at 50 MHz
4 channels x 1016 bits at 100 MHz

Synchronous:
Up to 50 MHz

 High Impedance Probes that won’t load
your circuits.

» Word Recognition using 16 channels and
2 qualifiers.

* Pre-set, variable or split thresholds for
working with different logic families.

Both the 7000 Series and TM 500 Family
Logic Analyzers use the modular instrument
packaging system. Interchangeability of
packages within each family lets you mini-

The 7DO1F (7D01 Logic Analyzer and DF1 Display
Formatter) makes a complete, basic logic analysis
system when installed in a 7603 Mainframe.

mize your investment. Both systems are con-
tinuing to grow both in logic analysis and
general purpose measurements. Today’s in-
vestment will not become obsolete with im-
provements in technology.

Use virtually any general purpose oscilloscope or
X-Y display monitor with the LA 501W Logic Analy-
zer with Word Recognizer.

TEKTRONIX Logic Analyzers are engineered
to provide swift solutions to your logic
problems. Tektronix will continue to support
your application needs in the digital world
of logic analyzers as it has for years in the
world of oscilloscopes.

7000-Series Logic Analyzers

Plug-in compatibility within the family en-
ables you to convert any existing 7000-
Series Oscilloscope Mainframe into a high-
performance logic analyzer. Conversely, the
logic analyzer system (mainframe and logic
analyzer plug-in) which you buy today can
be converted later to a high-performance
oscilloscope or spectrum analyzer merely
with the addition of a plug-in or two. Con-
sequently, your equipment investment is
safe longer, and upgrading is cheaper than
it would be with monolithic instruments.

The heart of the 7000-Series Logic Analy-
zer System is the 7D01 Logic Analyzer. This
versatile plug-in acquires 16 channels of
data simultaneously, contains its own 16-bit
parallel word recognizer with two qualifiers,
has a formattable memory that stores 4096
bits in 4, 8 or 16 channel format, captures

TRIG + 024

1100 0101 0110 0011

The 7D01 displays 16 channels of timing information,
intensifies a maovable cursor point on the data stream
and displays its location and binary state equivalent
on the crt.

Logic Analyzers

single shot data, features a movable cursor
and comes equipped with two high-Z probes
plus many other features.
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The DF1 and DF2 display timing data similar to the
7D01 except that state readout can be binary, hex or
octal (plus |IEEE 488/GPIB and ASCI! in the DF2) as
desired, and that the mainframe need not be equipped
with crt readout.

Until recently, logic analyzers have been
display limited. To choose each different
display format, you needed to choose a dif-
ferent instrument. Now, with addition of the
DF1 and DF2 Display Formatter to the 7D01
Logic Analyzer, you have numerous display
formats.

7DOLTRIG +24

.

11000101 01100011  CUR

The data map display produced by the 7D01 in as-
sociation with the DF1 or DF2, is reformatted for full
screen display whether you use 4, 8, or 16 data chan-
nels.

TEKTRONIX Display Formatters offer you a
choice as to the type of display that is best
for you. The DF1 gives you five ways to look
at logic in one package — Timing, Mapping
and state table displays in Binary, Hexa-
decimal and Octal. The DF2 offers the same
five display formats plus two additional
modes — |EEE 488/GPIB (General Purpose
Interface Bus) and ASCIl (American Stan-
dard Code for Information Interchange) for-
mats. With both the DF1 and DF2 you can
use the map display for an overview of dig-
ital system performance. Whether you use
4, 8, or 16 channels, the Tektronix map is
reconfigured for a full screen matrix. Or
select a state table with binary, hexadecimal
or octal words. Or display your data on a
timing or ladder diagram for close examina-
tion of timing relationships between data
lines.
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Logic Analyzers

With the DF2, you can display data in ASCII
format and even monitor and display activi-
ty on a GPIB data bus in GPIB mnemonics.

Another Logic Analyzer Plug-in, the DL2
Digital Latch, extends the 7D01 Logic Analy-
zer's measurement capability by detecting
narrow pulses in a data stream that cannot
be captured by a logic analyzer alone.

When combined with a 7D10 Digital Events Delay in
four-compartment mainframe, the 7DO01F System (or
the 7D01 and the DF2) obtains additional triggering
flexibility, whereby the trigger of the logic analyzer
can be delayed by up to 107 events.

7D01 LOGIC ANALYZER

The 7DO01 is a dual-wide, plug-in instrument
which occupies one vertical amplifier com-
partment and an adjacent time base com-
partment in any 7000-Series Oscilloscope
Mainframe. With such compatibility, you can
convert your existing 7000-Series Oscillo-
scope to a logic analyzer, or, if you use a
four-compartment mainframe, you can com-
bine your logic analyzer with your analog
oscilloscope and display the outputs of both
at the same time.

In order to get efficient use of the memo-
ry at all times, the 7D01 memory is format-
ted according to the number of input chan-
nels used. You can select: 16 data channels
of 254 bits each at a 20 MHz sample rate,
8 data channels of 508 bits each at a 50 MHz
sample rate, or 4 data channels of 1016 bits
each at an asynchronous sample rate of
100 MHz, or a synchronous sample rate of
50 MHz.

-

1100 0101 0110 0011

The 7D071 displays up to 16 channels of timing data
along with the binary state and location of the word
at the movable cursor position.
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Four methods of obtaining a trigger to store
and display data are available. First, you can
use the manual trigger button as a trigger
source even if no data has been acquired
so that you can center the traces and set
intensity levels. Second, a trigger can bhe
generated by the first positive-going transi-
tion on data channel 0 (CH 0 position). Third,
trigger (of either polarity) can be received
through a front panel BNC Jack (EXT posi-
tion). Or fourth, a trigger can be generated
by a unique data combination using the
word recognizer (W.R. position).

The word recognizer produces an output
when the logic states of the input channels
match the states of the corresponding word
recognizer switches. Probe qualifier and ex-
ternal qualifier functions select the logic
state of external signals that can aid in
word recognition. A variable filter (10 ns to
300 ns) inhibits word recognizer output to
prevent false triggering from glitches or
data skew. The store clock out BNC pro-
vides the sampling clock, external or in-
ternal, at the front panel for interface with
digital delay, frequency counters or other
external test equipment.

Data displays can feature data which oc-
curs before the trigger (PRE TRIG selec-
tion), data which occurs after the trigger
(POST TRIG), or data balanced between
pre-trigger and post-trigger (CENTER posi-
tion selection).

The trigger location is displayed with a
column of intensified dots, one on each
channel. A second column of intensified
dots is positioned anywhere on the display
with a movable cursor (COARSE cursor
moves the dots in increments of 16 sample
intervals or data clocks; FINE POS moves
it in single increments). An alphanumeric
readout at the top of the display locates the
cursor relative to the trigger (in sample or
clock intervals). A second readout at the
bottom of the display identifies the data
word at the cursor location, in binary, hexa-
decimal or octal. For your convenience in
reading the display, the binary state word
can be grouped into 3-bit or 4-bit bytes at
your selection.

Data is acquired by the 7D01 through two
P6451, 10-channel, high-impedance, active
probes. Each probe has eight data input
channels, an external clock or qualifier
channel and a ground lead. In order to min-
imize loading on test circuits, probe im-
pedance is 1 MQ paralleled by 5 pF. Grab-
ber tips conveniently clip onto adjacent
DIP leads, or by removing the grabber tip,
the probe leads connect directly to 25-mil
pins. Logic input thresholds can be selec-
ted at a pre-set TTL level or at any variable
level between =12 V. Additionally, one
probe may be set to TTL, while the thres-
hold of the other is varied. To assure you’'ve
selected the proper level, the threshold volt-
age can be continuously monitored at a
front-panel jack.

7D01F Logic Analyzer (7D01 and DF1 Display For-
matter).

There are two Display Formatters available
with the 7D01 Logic Analyzer —the DF1
and DF2. The two are identical in features
and function except that the DF2 offers two
additional display formats. Both the DF1
and DF2 offer Timing, Mapping and state
table displays in Binary, Hexadecimal and
Octal formats. The DF2 offers additionally
formats for IEEE 488/GPIB and ASCII.

Each Display Formatter is a dedicated plug-
in for use with the 7D01. It occupies one
vertical compartment adjacent to the 7D01
in the 7000-Series Mainframe, but does not
function by itself — it connects to the 7D01.
In formatting the logic display, the Display
Formatter provides complete alphanumeric
character generation so that the logic analy-
sis package can be used in mainframes with-
out crt readout (Option 01). For dedicated
logic analyzer packages, this saves you
$400.

The timing diagram formatted by the Dis-
play Formatters is virtually identical to that
of the 7D01 except that the state display of
the cursor word may be presented in binary,
hexadecimal or octal. (The DF2 offers ad-
ditionally formats for |EEE 488/GPIB and
ASCII.)

Map Mode

7DOLTRIG +24

Both the DF1 and DF2 display a formatted map with
up to 64K unique data word locations (254 can be
displayed at one timej in a dot matrix according to
value.

The map mode is used to display unique
data words in memory. Up to 254 data words
can be displayed at one time in a dot matrix
according to value. The least significant
half of the word determines the horizontal
location of a word while the most significant
half determines the vertical location.



In FAST or SLOW modes a '+’ symbol
automatically scans the map data, moving
from point to point in the same order in
which data was loaded into memory. A
state display beneath the map (binary, hexa-
decimal or octal) shows the word at the
“+" symbol location. In MANUAL mode the
“+" symbol is manually moved across the
map using the 7D01 cursor control. The cur-
sor location in memory is displayed at the
top of the display in all map modes as it is
for the timing diagram.

A significant feature of the Display For-
matter map is that it is formatted. That is,
if 16 channel operation is selected, the map
can display up to 64K unique data word
locations (254 at one time). However, if
only 8 channels are selected, the map is
reformatted to use the entire display area
for 8-bit words (a 4-bit by 4-bit matrix);
similarly, the map is reformatted for full crt
use if 4-channel operation is selected.

State Display Mode
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The DF1 and DF2 display a binary state table con-
sisting of the word selected by the cursor and the
16 following words. The 18th word at the bottom is
the trigger word.

With the Display Formatters, you can dis-
play state information in the format best
suited to your application: binary, hexa-
decimal or octal. (The DF2 offers addition-
ally formats for |IEEE 488/GPIB and ASCII.)
Each display presents 17 data words. An
18th word, the trigger word, is displayed at
the bottom of the crt. When the trigger word
occurs on the display, it flashes.
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The DF1 and DF2 can display and compare new hexa-
decimal state data (on left) with stored reference
data (on right).
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The DF1 and DF2 can display octal state data for
convenience to operators who prefer to work in
octal-based systems. In this display new octal in-
formation (on the left) is being compared with stored
reference data (on the right).

The memory stores 254 bits in 16-channel
operation, 508 bits in 8-channel operation
and 1016 bits in 4-channel operation. The
state table (or page of data) that is display-
ed is selected by the cursor position. The
cursor is used to page through all this data
stored in memory in varying increments.
Cursor FINE POS steps through data dis-
plays one word at a time. Similarly, COARSE
cursor control moves the display 16 words
at a time. Cursor location, relative to the
trigger word, is displayed at the top of the
crt.

EXCLUSIVE OR(P)

The 7D01 and DF1 or DF2 logic analysis
package offers an EXCLUSIVE OR@feature
that is used to compare newly acquired
7D01 data with reference data stored in
the DF1 or DF2.

The RESET IF feature automatically monitors and de-
tects intermittent faults that may occur in the sys-
tem under test. The DF1 and DF2, in combination with
the 7D01, does this by automatically acquiring up to
4096 bits of data and comparing it to 4096 bits of
stored reference data. If a mismatch occurs between
memories, the display formatter intensifies the dif-
ferences so you know exactly where the fault is loca-
ted.

Both the DF1 and DF2 have 4K memories
which permit reference data to be stored
and displayed on the crt side by side with
7D01 data for easy comparison. Older or
reference data is displayed on the right side
of the crt and newer 7D01 data is displayed
on the left. With the EXCLUSIVE Oﬂ@fea—
ture you can display one page of memory
at a time and any differences between the
two state tables will be intensified in the
7D01 table. If there are no differences the
TABLE = indicator will light.

Logic Analyzers

There are also two modes of automatic data
acquisition in both the DF1 and DF2 that
automatically compare the entire 7D01 mem-
ory to the reference memory. If a difference
is detected in the RESET IF 7D01 = REF
memory mode, the difference and location
will be read out at the top of the 7D01 state
table, intensified in the 7D01 table itself,
and the number of resets required to find
the error also displayed. The RESET IF
TABLES=memory mode performs the same
function except that it compares only the
two tables selected by the cursor control
one to another.

An additional feature, column blanking,
gives you the ability on state displays to
remove unwanted data, column by column,
out of all compare functions. This permits
you to concentrate your search for data by
eliminating columns of data that are not
relevant.

Four other features that augment each of
the state displays are: reference table fol-
lows 7D01, reference table held, reference
table follows with offset, and search.

When the reference table follows the 7D01,
both tables begin at the same cursor loca-
tion so that you can make comparisons be-
tween both 4K memories, one page at a
time.

When the reference table is held, the cursor
moves the 7D01 data display and holds the
reference table so that you can compare
one page in reference memory to any page
of the new data. The amount of offset be-
tween the two tables is evident from the
cursor locations displayed above both
tables. Once an offset is selected in the
HELD mode, the selection of FOLLOWS
WITH OFFSET maintains a constant offset
between the two tables. The cursor moves
both displays keeping the offset constant.

Search mode allows you to automatically
scan the 7D01 memory for a word that you
have stored in reference memory. This is
accomplished by positioning the desired
word to the first word in the reference state
table. Pressing the SEARCH button will
cause the Display Formatter to scan the
7D01 memory for that word. If it locates the
word, it positions it to the first word in the
7D01 state display and reads out its location
at the top of the crt. This operation is re-
peated each time the SEARCH button is
pressed.

DF2 Display Formatter

7D01 Logic Analyzer with DF2 Display Formatter.
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Logic Analyzers
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The GPIB mode monitors and displays activity on the GPIB data bus, transfer bus (handshake lines), and
management bus (control lines). Disassembled instructions are displayed on the crt in |[EEE 488 message

mnemonics familiar to the GPIB user.

The DF2 Display Formatter is a second gen-
eration companion plug-in to the 7D01 Logic
Analyzer and offers the digital designer a
choice of seven display formats. Containing
all of the features and functions found in
the DF1 (including Timing, Mapping and
state table displays in Binary, Hexadecimal
and Octal), the DF2 provides two additional
operational modes. These two modes are a
format for ASCII and for IEEE 488/ GBIB.

These two modes are selected from the DF2
front panel by pressing the MENU button.
Pressing MENU will initiate a list of num-
bered items and display them on the crt.
These numbered items are marked on the
front panel from 1 to 10 (only 1 and 2 are
now used).

Pressing button 1 (with the GPIB Probe
Adapter connected to the leads of the
P6451 Probe) will display on the crt the dis-
assembled instruction in IEEE 488 message
mnemonics familiar to the GPIB user.

Information is acquired synchronously us-
ing the data valid (DAV) line as a clock. Up
to 256 instructions are stored in the 7D01
Logic Analyzer, then disassembled and dis-
played in format. Up to 18 instructions are
displayed at one time, and, as the data is
scrolled, all 256 instructions can be viewed.
The states of four GPIB management lines
(ATN, EOI, SRQ and REN) are displayed in
GPIB mnemonics and eight data lines are
displayed in hexadecimal or decimal. Four
additional lines of data are user definable to
provide circuit information and are dis-
played in binary. This display enables
you to monitor and display activity on the
GPIB data bus, transfer bus (handshake
lines) and management bus (control lines).

Because the DF2 is attached to the 7D01
Logic Analyzer, timing information relative
to the handshake lines can be displayed
with 10 ns resolution. This allows you the
capability of not only checking the sequence
of handshake activity but measuring the
time relationships as well.

20

IEEE 488 standard connector with quick connections
to P6451 Probe.

A 24-pin GPIB adapter provides the monitor-
ing of the GPIB bus. Using this adapter, the
DF2 is stacked on the system as any other
piece of GPIB equipment. With this adapter,
the DF2 monitors the bus activity and pro-
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This mode displays stored data in an ASCI/ format.
The ASCII characters are further decoded into hexa-
decimal ($ precedes decode), octal (@ precedes de-
code), or binary. The decode of the ASCII character
is determined by the state table mode previously
selected.

4 user definable lines

vides for monitoring of four user-selected
lines. The logic analyzer may be triggered
via the word analyzer GPIB lines or exter-
nal event; the user may observe events prior
to as well as following the trigger.

Pressing button 2 will provide a representa-
tion of the data recorded in the 7D01 mem-
ory in all 128 possible ASCII characters. The
appropriate ASCIl character will be dis-
played in 8 or 16 channel along with the
binary, octal, or hexadecimal value to the
right of the character.

Digital Latch

The DL2 Digital Latch extends the 7DO01
Logic Analyzer’'s measurement capabilities
by detecting narrow pulses in a data stream
that cannot be captured by a logic analyzer
alone. Operating in an asynchronous mode,
the 16-channel Digital Latch can detect
spikes or glitches between system clock
edges that are narrower than the sample
clock interval or as narrow as 5 ns.

The DL2 Digital Latch extends the measurement ca-
pabilities of the 7D01 Logic Analyzer by detecting
glitches which are narrower than one sample interval.

In asynchronous measurements without
latching capability, high speed data anom-
alies go undetected if they do not appear
on a clock edge. The DL2 Digital Latch
allows you to expand the time frame in
which information can be stored by sam-
pling at a slower rate. The DL2 captures
the glitch (or pulses which are narrower
than one sample interval), holds it until the
next clock edge, then expands it to one
sample interval for display.

The DL2 plugs into any compartment of a
7000-Series Mainframe. Two 25-pin connec-
tors connect the DL2 with the TEKTRONIX
7D01 Logic Analyzer. Data is acquired via
the P6451 Probes which plug into the front
panel of the DL2.

A two position switch allows you to select
either the LATCH input mode or OFF. An
asynchronous clock input is required from
the STORE CLOCK OUT of the 7D01 Logic
Analyzer to the STORE CLOCK IN of the
DL2.



Logic Analyzers, Display Formatters, and Digital Latch for 7000 Series

The flexibility of the DL 502 allows it to be used in a variety of configurations. It can be used with the LA 501W
in all TM 500 Mainframes or as a companion to the 7D01 Logic Analyzer (as it is depicted above).

Whether you select the 7D01 Logic Analy-
zer or any of the combinations (7D01F, con-
sisting of the 7D01 and DF1) or the 7D01 and
DF2, you can choose any 7000-Series Main-
frame for a powerful logic analysis system
that is fully compatible with an extensive
oscilloscope measurement system. Perfor-
mance characteristics of the 7D01, DF1,
DF2 and DL2 are listed here. Characterjs-
tics of the mainframes may be found on
pages 45 through 62.

7D01 CHARACTERISTICS

The 7D01 acquires 4, 8, or 16 channels of data and
stores the data in a 4k memory. Data storage format
is selectable as 4 channels x 1016 bits, 8 channels x
508 bits, or 16 channels x 254 bits.

Data sampling can be asynchronous (internal clock)
or synchronous (external clock). In asynchronous
modes, sampling rates can be selected up to 100 MHz
in the 4 channel mode, up to 50 MHz in the 8 channel
mode, or up to 20 MHz in the 16 channel mode. Ex-
ternal sampling clocks up to 50 MHz can be used in
the 4 and 8 channel modes, and up to 25 MHz in the 16
channel mode.

An invalid light (blinking light behind knob skirt)
warns the operator that he has selected:

1. A sampling rate greater than 20 MHz in the 16
channel made; or

2. A sampling rate greater than 50 MHz in the 8
channel mode.

SIGNAL INPUTS

Clock, Qualifier, and Data Input Source — Two multi-
lead P6451 Probes provide connections for 10 chan-
nels (9 input and ground) each. Channels 0-7 and
clock are through probe 1, and channels 8-15 and
qualifier are through probe 2. Each probe attaches
through a 25-pin connector at the 7D01 front panel.

Input Impedance — 1 M{Q) paralleled by 5 pF (at probe
head).

Threshold at Probe Tips — Front panel switch selects
fixed TTL (+1.4 V =0.2 V), variable (=12 V) or split
(variable for top probe, TTL for bottom probe). Front
panel jack monitors variable threshold only.

Minimum Logic Swing — 500 mV plus 2% of thres-
hold voltage p-p or less, centered on the threshold
voltage.

Maximum Logic Swing — —60V or less, to at least
threshold voltage plus 10 V., (Max non-destructive
input =60 V.)

MEMORY
Storage — 4096 bits

Format — Front panel selectable.

Data Channels Bits per
Displayed Channel
0-3 1016
0-7 508
0-15 254

SAMPLING RATE

Asynchronous (internal clock) — Sampling intervals
are selectable from 10 ns to 5 ms in 18 steps using
a 1-2-5 sequence.

Data Maximum Minimum Min. Data
Channels Sampling Sampling Pulse
Displayed Rate Interval* Width*

0-3 100 MHz 10 ns 15 ns

0-7 50 MHz 20 ns 25 ns

0-15 20 MHz 50 ns 55 ns

*Minimum data pulse width to insure recording is one
sample interval +5 ns.

Synchronous (external clock) — + or — edge of
clock pulse can be selected to initiate sample.
Data Data
Data Max. Minimum | Set-up Hold
Channels Clock Clock Time Time
Displayed Freq. Width* |Required|Required
0-3 50 MHz 10 ns 20 ns 0
0-7 50 MHz 10 ns 20 ns 0
0-15 25 MHz 20 ns 23 ns 0

*High and low clock width.

7D01
Logic Analyzers DF1
DF2

DL2

INTERNAL CLOCK
Crystal Oscillator Frequency — 100 MHz =£=0.005 MHz.

Sample Intervals — 10 ns to 5 ms/sample in a 1-2-5
sequence.

Store Clock Out Connector — Sampling clock is out-
put during store cycle. This clock may be either the
internal or external clock. ECL Level. Reverse ter-
minated in 50 Q. Do not terminate at receiving end.

WORD RECOGNIZER

Word Recognizer — 16 data inputs, Probe Qualifier
and External Qualifier. Output is true when input con-
ditions match settings (HI, X, LO).

Minimum
Input Pulse Width

Format (Asynchronous Mode)
Any Single Channel 10 ns or less
Channels 0-3 15 ns or less

Any Other Combination 20 ns or less

Inputs — 16 data input channels plus 2 qualifiers.
Qualifiers — Can be used to recognize 18 bit words.

Word Selection — Made using eighteen 3-position
toggle switches. Positions are HI, X (don’t care), and
LO.

Modes — Synchronous (looks for a match with the
selected logic states only at an external clock edge)
and asynchronous (looks for a match with the selec-
ted logic states at any time).

Synchronous Mode

Characteristic Time Requirement

Minimum Setup Time 12.5 ns or less

Minimum Hold Time 8.5 ns or less

Async Filter — Rejects recognized words that remain
true for less than an operator selected time period.
Period is variable from 10 ns to 300 ns.

W.R. Out Connector — A recognized word produces
a displayed trigger marker and a front panel output
for triggering external circuitry.

Characteristic Requirement

HI Level =19V

LO Level <0.1V

Impedance (Rising Edge) 50 Q@ =10%

TRIGGER

Source — Three position switch provides selection
of trigger source from among channel 0, external
(External Trigger/Qualifier Input), or internal word
recognizer. A display can also be obtained with front
panel MANUAL TRIGGER pushbutton.

Channel 0 — Triggers on rising edge of CH 0 data.

External Trigger/Qualifier Input Connector (EXT
TRIG/QUALIFIER INPUT) —

Characteristics Requirement
Threshold +1.4V, 02V
(TTL Level)
Minimum Pulse Width 15 ns
Maximum Safe Input —5 V or less,
Voltage to at least +10V

Triggered Light — Indicates display trigger has oc-
curred.

Trigger Marker — Trigger position on crt display is
marked by an intensified spot. Spot appears on all
displayed channels.

DATA POSITIONING

Three position switch selects between pre-trigger,
center-trigger, and post-trigger modes. In the pre-
trigger mode =~90% of the displayed data occurs
before the trigger and =~10% after. In the center-
trigger mode =50% of the data occurs before the
trigger and =50% occurs after. In the post-trigger
mode =~10% of the data occurs before the trigger and
~90% after.

21




Logic Analyzers, Display Formatters, and Digital Latch for 7000 Series

CURSOR

Word Selection — Cursor appears as a moveable
second intensified spot on the crt display. It is used
to select and mark a word.

Coarse and Fine Position Controls — Coarse control
moves cursor in increments of 16 sample intervals.
Fine control moves cursor in increments of 1 sample
interval.

Cursor to Trigger Position Crt Readout — The dif-
ference in sample interval bits between cursor posi-
tion and trigger position is displayed by the crt read-
out at the top, right-hand portion of the crt graticule
(e.g., TRIG £ XXX).

Cursor Position Binary Data — The logic state of
each displayed channel coincident with the cursor
position is displayed in binary by the readout at
the bottom of the crt (HI=1; LO=0).

Cursor Byte Display — The two-position CURSOR
BYTE switch selects the display format of the cursor
readout to either a 3-bit or 4-bit byte. In 16 channel/
3-bit byte format, the most significant byte group re-
mains 4 bits.

DISPLAY

Type — Data is displayed as a timing diagram. The
number of sample intervals between the trigger and
the word selected by the cursor appears as an al-
phanumeric readout. The word selected by the cursor
is displayed as ones and zeros in 3-bit or 4-bit
groups.

Display Time — A rotary control is used to select
the time for which stored data will be held for display
before a new record cycle starts. Variable from less
than 1 s to at least 10 s. A detent position provides
indefinite storage of data. A new record cycle can
be started at any time by pushing the MANUAL
RESET button.

Vertical Display Controls (VERT POS/MAG) — A vari-
able vertical magnifier control magnifies the on-screen
display from X1 to X5. A concentric vertical position
control positions the display within the graticule area.

Horizontal Display Controls (HORIZ POS/MAG) — A
variable horizontal magnifier control magnifies the
on-screen display from X1 to approximately X9. A
concentric horizontal position control positions the
display within the graticule area.

Display Format — Selectable by a switch (DATA
CHANNELS).

Format l Bits/Chan Display

Chan 0-3 1016 bits 1 group of 4 traces
Chan 0-7 508 bits 2 groups of 4 traces each
Chan 0-15 254 bits 4 groups of 4 traces each

Crt Retrace Blanking Time —

Format Bits Blanked
Chan 0-3 8 bits
Chan 0-7 4 bits
Chan 0-15 2 bits
Trigger Intensified Marker — Intensified zone in-

dicating the trigger point, selectable by a switch
(DATA POSITION).

Intensified Zone
Location

Data Position
Switch Setting

Pre-trigger Near extreme right of display
Center-trigger

Post-trigger

Near center of display
Near extreme left of display

Trigger Intensified Marker Accuracy — Position of
intensified zone with respect to word recognizer out-
put.

Sample Interval Maximum
Control Setting Bit Error
10 ns £4 bits
20 ns =*+3 bits
50 ns to 5 ms *1 bit
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DATA OUTPUT

Connector — A 25-pin connector (inside 7D01) pro-
vides output of stored data from the 7DO01. It also
provides control signals necessary for transfer of that
data to other equipment. All outputs are ECL levels.

Parallel Data— 16 pins provide parallel access to
stored data.

Serial Data — One pin provides serial access to
stored data.

Flag — A positive-going edge on this pin indicates
the end of each channel.

Format — 2 pins are used to identify the stored format
as 4 channels x 1016 bits, 8 channels x 508 bits, or
16 channels x 254 bits,

Frame — Occurs every 16th sweep. A positive-going
edge indicates end of channel 3. Negative during
channel 3.

Display/Store Mode — Store HI
Display LO

Trigger Marker Output — LO = marker point in data
stream.

External Display Clock Input — Allows data output at
externally selected rates 1 Hz-2 MHz.

POWER

Line Voltage Ranges — Determined by the 7000-Series
Oscilloscope Mainframe.

Power Consumption — 32 W at nominal line voltage.

ENVIRONMENTAL

Temperature — Operating: 0°C to +40°C. Nonoperat-
ing: —40°C to +75°C.

Altitude — Operating: to 15,000 feet. Nonoperating:
to 50,000 feet.

Vibration — With the 7D01 and DF1 or DF2 combined,
frequency swept from 10 to 50 cps at one minute per
sweep. Vibrate for 15 minutes along each of the 3
major axes at 0.015 inch total displacement. Hold 3
minutes at any major resonance, or if none, at 50 cps.
Total time, 54 minutes.

Shock — Operating and nonoperating: 30 g's, % sine,
11 s duration, 2 shocks in each direction along 3
major axes, for a total of 12 shocks.

INCLUDED ACCESSORIES
Two, P6451 Data Input Probes (010-6451-00).

DF1 CHARACTERISTICS

The DF1 reformats the output of the 7D01 in a choice
of five display formats including Timing, Mapping
and state table displays in Binary, Hexadecimal and
Octal. It imposes no significant electrical character-
istics on the 7D01 which affect measurement param-
eters.

DF2 CHARACTERISTICS

The DF2 reformats the output of the 7D01 in a choice
of seven display formats including Timing, Mapping
and state table displays in Binary, Hexadecimal,
Octal, ASCIlI and IEEE 488/GPIB. It imposes no
significant electrical characteristics on the 7D01
which affect measurement parameters.

INCLUDED ACCESSORIES

GPIB Probe Adapter for the P6451 (103-0209-00).
(A 24-pin IEEE Standard Connector with quick con-
nection to the P6451 Probe Head.)

DL2 CHARACTERISTICS

The 16-channel DL2 aids the 7D01 measurement capa-
bilities by detecting narrow asynchronous pulses of
less than one sample interval or as narrow as 5 ns
in a data stream. The DL2 plugs into any compart-
ment of a 7000-Series Mainframe. Two 25-pin connec-
tors connect the DL2 with the 7D01. Data is acquired
via two P6451 Probes which plug into the front panel
of the DL2.

Minimum pulse width to initiate latch — 5 ns.
Minimum amplitude to initiate latch —500 mV
centered at threshold.

Minimum sample interval asynchronous clock—20 ns.

ORDERING INFORMATION
7D01F Logic Analyzer (7D01 and

DF1 Display Formatter) ........... $4390
7D01 Logic Analyzer............... $3195
DF1 Display Formatter ............ $1395
DF2 Display Formatter ............ $1945
DL2 Digital Latch ................. $1500
7603 Oscilloscope* ............... $2050
7603 Option 01

(Deletes one readout board) . . ... Sub $400
7704A Oscilloscope™* .............. $3325

7704A Option 01
(Deletes one readout board) ....Sub $400

*See pages 45 through 62 in this catalog for details
on these and additional 7000-Series Mainframes. See
pages 63 through 80 for details on complementary
7000-Series Plug-ins.
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7D10 Digital Events Delay

The 7D10 or 7D11 let you add delay to your
7D01 Logic Analyzer trigger. The 7D11 has
all of the features of the 7D10, plus it delays
by time as well as digital events. Both units
provide a trigger pulse output upon counting
a preselected number of digital pulses.

For example, you can start the delay counter
with the W.R. out pulse, count some number
of clock pulses, and then supply an external
trigger to the 7D01. See page 71 for com-
plete details.

7D11 Digital Delay

_ EVENTS DELAY COUNT

A A

DD 501 Digital Delay

Delay by Events Counting Rate to 65 MHz

Divide by N Mode with Counting Rate to
20 MHz

Delays by up to 99,999 Events
Companion Unit for Any Logic Analyzer

The DD 501 provides delay by events in a
plug-in for TM 500 Mainframes. Using five
thumbwheels on the control panel, the op-
erator can set any desired delay from 1
through 99,999 events. When the number of
input events reaches the preset count, the
DD 501 will put out a trigger pulse which
can be used for triggering a logic analyzer,
oscilloscope, or counter.

The logic analyzer memory window is easily
delayed from the trigger by a selected count
using the DD 501.

Because the DD 501 creates its delay by
counting a number of pulses rather than by
analog timing of an interval, jitter is not a
problem, even when viewing pulses toward
the end of a long train. Events can be
counted at frequencies up to 65 MHz. With
the selected number of events clearly dis-
played on the thumbwheel dials, the oper-
ator knows at all times what part of a pulse
train he is viewing on the accompanying
logic analyzer or oscilloscope.

Digital Events Delay 7D10
Digital Delay 7D11
Digital Delay DD 501

EVENTS DELAY
Count — 1 to 99,999 events.
Max Count Rate — 65 MHz.

Insertion Delay — 30 ns or less from final event to
trigger output pulse.

Recycle Time — 50 ns or less.

Reset — Manually resets delay counter.

INPUT CHARACTERISTICS

(All characteristics apply to both events and start in-
puts.)

Input Impedance — 1 MQ, 20 pF.

Slope — Either 4+ or —, selectable.

Sensitivity — 85 mV p-p @ 30 MHz.

Frequency Response — Up to 65 MHz at 120 mV sen-
sitivity.

Minimum Detectable Pulse Width — 5 ns.

Threshold Level Range — From —1.5 V to +1.5 V
(—15 V to +15 V with 10X probe). Can be externally
programmed or monitored at front panel Jacks.

Trigger View Out — Threshold detector output, at
least 0.5 V (200 2 or less source impedance).

Events Triggered Light — Visual indication that events
are being detected.

Start Triggered Light — Visual indication that delay
is in progress.

TRIGGER OUTPUT

Pulse Width — Width of events pulse plus 6 ns or
less.

Voltage Swing— + 0.8 V or less to at least +
2.0 V with 3 TTL loads (=~ 5 mA).

Light — Indicates output trigger.

GENERAL

Temperature — Operating 0°C to +50°C. Non-oper-
ating: —40°C to +75°C.

Altitude — Operating: to 15,000 ft; Nonoperating to
50,000 ft.

Shipping Weight — 3 |b.

Dimensions — 2.6 in wide, 5 in high, 12.2 in deep
(6.6 x 12.7 x 31 cm).
ORDERING INFORMATION

DD 501 Digital Delay .............. *$750

*The DD 501 must be plugged into a TM 500 Main-
frame to achieve a working unit.
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LA501
LA501W
WR501
DL502

Configurability and portability are the key
concepts for every instrument in the TM 500
Family. The LA 501W Logic Analyzer Sys-
tem, made up of the LA 501 Logic Analyzer
and the WR 501 Word Recognizer, for ex-
ample, can be used with any 50 kHz band-
width oscilloscope or X-Y monitor. This
means you probably can use your present
oscilloscope to display logic. Since the os-
cilloscope is externally coupled, you can
leave your logic analyzer (not connected to
the oscilloscope display) alone with your
digital system, waiting in a baby-sitting
mode, for a fault to occur. Baby-sitting be-
comes easier and cheaper using the LA
501W, and it frees the designer for more im-
portant tasks. Only when the logic analyzer
has acquired and stored sufficient data do
you need to connect your oscilloscope for
logic display. In the meantime, your oscillo-
scope has been free for other uses.

Logic Analyzers

An LA 501W Logic Analyzer includes word recognizer
combined with an SC 502 Oscilloscope in a TM 515
Traveler Mainframe to produce a ‘‘go anywhere”
logic analyzer system.

Using the TM 515 Traveler Mainframe, your
logic analyzer becomes a ‘“‘go anywhere”
system. This fully portable power module/
mainframe can accommodate not only the
LA 501W Logic Analyzer System, but an
oscilloscope as well. As a traveling test sta-
tion, your oscilloscope retains its general
purpose usefulness; it becomes dedicated
to the logic analyzer only when you choose
to display data.

Another unique feature of logic analysis
in the TM 500 Family allows triggering from
a different set of 16 channels than the 16-
data lines being displayed. For example,
you can display the contents of a data bus,
but trigger from an independent address
bus. Additionally, you can select a delay
of up to 99,999 clock pulses or word trig-
gers before the LA 501W receives a trigger.

A feature that extends the LA 501W Logic
Analyzer's measurement capability is the
DL 502 Digital Latch. It can detect narrow
pulses in a data stream that cannot be
captured by a logic analyzer alone.

LA 501 Logic Analyzer

The LA 501 Logic Analyzer is a dual-wide,
plug-in instrument that operates in any TM
500 Series Power Module Mainframe. It is
normally used in conjunction with the WR
501 (to form the LA 501W Logic Analyzer
System) but also may be operated separate-
ly when triggers are available from the sys-
tem under test.

The LA 501 or the WR 501 may be purchased
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The modular LA 501W can be used with any oscilloscope or X-Y monitor with 500 kHz bandwidth. Here its dis-

play is shown on a low-cost T922.

SAMPLE
INTERVAL

and operated separately. The LA 501 is a
good choice in logic analysis when triggers
are readily available from the system under
test. The LA 501, when purchased separ-
ately, comes with a P6450, 16-channel pas-
sive probe.

LA 501 Logic Analyzer

For minimal circuit loading when using the
LA 501 above, four front-panel BNC con-
nectors provide high impedance inputs for
10X probes. They drive channels 0 through
3 when the input selector is in the BNC posi-
tion.



WR 501 Word Recognizer
with Digital Delay
The WR 501 is a 16-bit parallel Word Rec-
ognizer with digital delay that produces
trigger pulses when a preselected word oc-
curs. It occupies one plug-in position in any
TM 500 Series Power Module Mainframe.

Normally used with the LA 501, the WR 501
may also be used separately as a word rec-
ognizer to generate triggers for oscillo-
scopes or other measurement instruments.
When used in the LA 501W System, it gives
you fast access to any unique word in the
data stream.

LA 501W Logic Analysis System

The LA 501W Logic Analysis System oper-
ates in any 3, 4, 5 or 6-compartment TM 500
Series Power Module Mainframe. This com-
bination complements virtually any 50 kHz
oscilloscope or X-Y monitor to provide a
versatile logic analysis system.

In order to get efficient use of memory
at all times, the LA 501W memory is format-
table according to the number of input chan-
nels used. You can select: 16 data channe!s
of 256 bits at a 20 MHz sample rate, 8 data
channels of 512 bits at 50 MHz rate, or 4
data channels of 1024 bits each at an asyn-
chronous sample rate of 100 MHz, or a
synchronous sample rate of 50 MHz. Pre-,
center, or post-trigger data can be recorded
at a sample rate from 5 ns to 10 ns.
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The LA 501W display includes biphase tick marks.
These are an aid in timing comparisons (each is
equivalent to one sample interval or synchronous
clock), and as a quick indication of whether a line
is high or low.

Data is acquired through two P6451 high-
impedance, active probes. They provide a
total of 18 inputs to the WR 501 — 16 data
input channels, one clock input, and one
qualifier input. There are separate threshold
controls (TTL, ECL and variable =10V) for
each probe.
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A CHANNEL/POSITION selector allows you to verti-
cally reposition any trace anywhere on the display for
easier t'me comparisons. Here channel 1 is repo-
sitioned between channels 4 and 5.

Stored data is displayed as a timing dia-
gram in groups of four traces. Vertical and
horizontal position and magnifier controls
provide the capability to zoom in on any
segment of the timing diagram. Biphase
timing tick marks on each channel provide
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LA 501WLog|c Analyzer System

excellent visual resolutions to indicate
whether an inactive line is high or low and
facilitate easy timing comparisons. Channel-
to-channel timing comparisons are easy be-
cause any trace can be moved vertically and
thus positioned next to any other trace.

The LA 501W Logic Analysis System may be
combined with counters, pulse generators,
multimeters and oscilloscopes into a com-
pact package using TM 500 Series Power
Module/Mainframes. The TM 500 Series also
offers you a choice of benchtop, rackmount,
rollabout, or portable configurations to
match your application.

The DL 502 Digital Latch can be used in a variety of
configurations, including all TM 500 Mainframes.

Digital Latch

The TEKTRONIX DL 502 Digital Latch ex-
tends the LA 501W Logic Analyzer's meas-
urement capabilities. The Digital Latch aids
in detecting narrow pulses in a data stream
that cannot be captured by a logic analy-
zer alone. Operating in an asynchronous
mode, the 16-channel Digital Latch can de-
tect spikes or glitches between system
clock edges that are narrower than the sam-
ple clock interval or as narrow as 5 ns.

In asynchronous measurements without
latching capability, high-speed data anom-
alies go undetected if they do not appear
on a clock edge. The DL 502 Digital Latch
allows you to expand the time frame in
which information can be stored by samp-
ling at a slower rate. The DL 502 captures
the glitch (or pulses which are narrower
than one sample interval) holds it until the
next clock edge, then expands it to one
sample interval for display.

The DL 502 plugs into any compartment of
a TM 500 Mainframe. Two 25-pin connectors
connect the DL 502 with the LA 501W or
7D01 Logic Analyzer. Data is acquired via
P6451 Probes which plug into the front
panel of the DL 502.

A two position switch allows the user to
select either the LATCH input mode or OFF.
An asynchronous clock input is required
from the STORE CLOCK OUT of the
LA 501W or 7D01 Logic Analyzer to the
STORE CLOCK IN of the DL 502.
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LA 501W CHARACTERISTICS

LA 501W characteristics apply to both LA 501 and
WR 501 separately, except where functions of each
are described separately.

The LA 501W acquires 4, 8 or 16 channels of data and
stores the data in memory. Data storage format is
selectable as 4 channels x 1024 bits, 8 channels x 512
bits, or 16 channels x 256 bits.

DATA INPUTS

Data Channels — 16 channels divided between two
probes. Channels 0-7 (and clock) are in probe 1.
Channels 8-15 (and qualifier) are in probe 2.

Input Impedance — 1 MQ paralleled by 5 pF.

Sensitivity at Probe Tips — 500 mV p-p minimum cen-
tered around threshold.

Threshold at Probe Tips — Switch selects fixed TTL
(1.4 V £0.2 V), ECL (—1.26 V £0.01 V), or variable
(at least —10 V to at least +10 V). Front panel jack
on WR 501 for monitoring variable threshold settings.

Maximum Safe Input Voltage — +60 V.

Interface — A high-speed interface provides transfer
of the incoming data signals to the LA 501 Logic
Analyzer through internal cables. This enables the
WR 501 probes to provide input for both plug-ins.

MEMORY
Storage — 4096 bits.

Format — Front Panel Selectable.

Data Channels Displayed Bits per Channel

0-3 1024

0-7 512

0-15 256
DATA TIMING

Asynchronous (internal clock) — Sampling intervals
are selectable from 10 ns to 5 ms (=0.005%) in a
1-2-5 sequence.

Data Maximum Minimum Minimum
Channels Sampling Sampling Data Pulse
Displayed Rate Interval Width

0-3 100 MHz 10 ns 15 ns

0-7 50 MHz 20 ns 25 ns

0-15 20 MHz 50 ns 55 ns

Synchronous (external clock)
Mini- Mini-
Data Maxi- Mini- mum mum
Channels mum mum Data Data

Dis- Clock Clock Setup Hold

played Freq Width* Time Time
0-3 50 MHz 10 ns 18 ns Ons
0-7 50 MHz 10 ns 18 ns 0ns
0-15 20 MHz 25 ns 23 ns 0ns

*High and low clock width.
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TRIGGER

Source — Pushbutton provides selection of trigger
source from the WR 501 or External Trigger inputs.

Triggered Light — Indicates display trigger has oc-
curred.

Slope — Selects positive or negative slope as the
active edge external triggers. Selects word or word
on WR (internal) triggers with digital delay set at 0
or OFF.

DATA POSITIONING

Three pushbuttons to select pre-trigger, center-trig-
ger, and post-trigger modes. In the pre-trigger mode
~90% of the displayed data occurs before the trigger
and =<10% after. In the center-trigger mode =50%
occurs before the trigger and 50% after. In the post-
trigger mode =10% occurs before the trigger and
~90% after.

WORD RECOGNIZER (WR 501)
Inputs — 16 data inputs plus a clock and qualifier.

Word Selection — Made using sixteen three-position
toggle switches. Positions are HI, X (don't care), and
L

Qualifier — Can expand the word recognizer to 17
bits, act as a gate for the external clock or do both.

Clock — Selects positive- or negative-going edge of
clock input signal. Used for synchronous operation.

Modes — Front panel selection of synchronous word
recognition (a trigger is produced only when the
operator selected word occurs at a clock edge; either
position, positive or negative edge, may be selected),
or asynchronous word recognition (a trigger is pro-
duced anytime the recognized word occurs).

Synchronous Mode —
Minimum Set-up time 18 ns
Minimum Hold time 0 ns
(Filter is automatically disabled)
Asynchronous Mode and Filter —

Minimum coincidence time is variable from 15 ns or
less to 200 ns or more.

DIGITAL DELAY

Delay Selection — Five thumbwheel switches provide
selection of any delay-by-events or delay-by-words
from 0 to 99,999.

Modes — Two delay modes (delay-by-events count or
delay-by-word triggers) or OFF.

Indicator — An LED is lit during the delay interval.
Reset — Pushbutton resets the delay counter.

Output Connector (TRIG OUT) — The trigger from the
WR 501 is available via the internal interface to the
LA 501, or at a front panel BNC connector. This pro-
duces a trigger after word recognition and the delay
selected. The signal is TTL compatible.

Maximum Trigger Delay —

Word Delay to front panel Trigger Output
Recognition (referred to probe tips — digital
Mode delay set to 00,000)
Synchronous <50 ns from edge of clock input

and word pattern match.

<50 ns + selected filter time from
word pattern match.

Asynchronous

DISPLAY
Type — Data is displayed as a timing diagram.

Display Time — Variable from less than 1 s to at least
10 s. A detent position provides indefinite storage of
data. A new record cycle can be started at any time
by pushing the MANUAL Pushbutton.

Vertical Display Controls (VERT POS/MAG) — A vari-
able vertical magnifier control magnifies the on-screen
display from X1 to X5. A concentric vertical position
control positions the display within the graticule area.

Horizontal Display Controls (HORIZ POS/MAG) — A
variable horizontal magnifier control magnifies the
on-screen display from X1 to approximately X10. A
concentric horizontal position control positions the
display within the graticule area.

Characteristic Requirement
HI =22V
LO <0.6 V
Impedance ~50 Q

Display Format — Selectable by a switch (DATA
CHANNELS).

Format | Bits/Channel | Display
Chan 0-3 1024 bits 1 group of 4 traces
Chan 0-7 512 bits 2 group of 4 traces each
Chan 0-15 256 bits 4 groups of 4 traces each

Crt Retrace Blanking —

Format | Bits Blanked/Channel
Chan 0-3 2 bits
Chan 0-7 1 bit
Chan 0-15 12 bit

DATA OUTPUT

Connector — A 25 pin connector (inside LA 501W)
provides output of stored data from the LA 501W. It
also provides control signals necessary for transfer
of that data to other equipment.

Parallel Data— 16 pins provide parallel access to
stored data. ECL levels.

Serial Data — One pin provides serial access to
stored data. ECL levels.

Flag — A positive-going edge on this pir indicates
the beginning of each channel. ECL levels.

Format — 2 pins are used to identify the stored format
as 4 channels x 1024 bits, 8 channels x 512 bits, or
16 channels x 256 bits.

POWER

Line Voltage Ranges — Determined by the TM 500-
Series Mainframe.

Power Consumption — 45 W (LA 501W) at nominal line
voltage.

ENVIRONMENTAL
Temperature — Operating: 0-40°C (0-50°C only in
TM 506 and TM 515 Mainframes). Nonoperating:
—40°C to +75°C.

Altitude — Operating: to 15,000 ft. Nonoperating: to
50,000 ft.

Vibration — With the operating instrument, vibration
frequency swept from 10 to 50 to 10 cps at one min-
ute per sweep. Vibrate for 15 minutes along each of
the three major areas at 0.015 inch total displacement.
Hold three minutes at any major resonance, or if none,
at 50 cps. Total time 54 minutes.

Shock — Operating and nonoperating: 30g's, 12 sine,
11 ms duration. Two shocks in each direction along
three major areas, for a total of 12 shocks.

Transportation — Qualified under National Safe Tran-
sit Committee test procedure 1A, Category 11.



DIMENSIONS AND WEIGHTS (LA 501W)

Weight kg Ib
Net Weight 3 6.6
Dimensions cm in

Height 12.5 4.9

Width 20.1 7.8

Depth 30.0 11.8

DL 502 CHARACTERISTICS

The 16-channel DL 502 aids the LA 501W or 7D01 mea-
surement capabilities by detecting narrow asynchro-
nous pulses of less than one sample interval or as
narrow as 5 ns in a data stream. The DL 502 plugs into
any compartment of a TM 500 Mainframe. Two 25-pin
connectors connect the DL 502 with the LA 501W or
7D01 Logic Analyzer. Data is acquired via two P6451
Probes which plug into the front panels of the DL 502.

Minimum pulse width to initiate latch — 5 ns.

Minimum amplitude to initiate latch — 500 mV cen-
tered at threshold.

Minimum sample interval asynchronous clock—20 ns.

ORDERING INFORMATION

LA 501W* Logic Analyzer . ... ...... $4450
LA 501W OPT 05*

(Add one TM 515 Power Module). . . .$4775
LA 501W OPT 49*

(Delete one P6451 probe)........... $4150
LA501** Logic Analyzer ........... $3250
WR 501~ Word Recognizer.......... $1500

Interface Kit to convert LA 501 and
WR 501 toa LA 501W.

Order 040-0806-01 ................. $210
P6108 Probe, 10X Attenuation,

2 Meter Cable (010-6108-03) ......... $55
DL 502 DigitalLatch ............... $1350
TM 515*** Power Module. . .. ... ..... $325
TM 506*** Power Module .......... $250
T™M 504*** Power Module .......... $190
T™M 503*** Power Module .......... $170
TM 501t Power Module ............ $135
RTM 506*** Rackmount

Power Module ..................... $340

*Included Accessories, LA 501W and WR 501 — Two
10 channel (9 input and ground) P6451 Acquisition
Probes.

**Included Accessories, LA 501 — One 16-channel
P6450 Passive input probe.

***QOperation of the LA 501W, LA 501 or the WR 501
requires a TM 500 Series Power Module. Details on
these as well as the full line of TM 500 Series instru-
mentation begins on page 133. Additionally, operation
of the LA 501W or LA 501 requires an X-Y display
monitor or an oscilloscope.

tAccepts either the WR501 or DL502.

Logic Analyzers, Word Recognizer, and Digital Latch for TM 500 Series

OPTIONAL ACCESSORIES

P6108 — A 10X probe (10 M, 13 pF), for use with the
LA 501 or DD 501 Digital Delay. Order four probes for
use with the four high speed data channels of the
LA 501. For the external clock input of the LA 501,
order one additional probe.

(OT10=6TOB03) . o woioiis s v i 5 5w o assk o wie s0s $55

P6450 Probe Package — Replacement probe for LA
501 Logic Analyzer.

(010-6450-01) .. ... ... ...ttt iennennn $275
P6451 Probe Package — Replacement active probe

for LA 501W, WR 501, 7D01 or 7DO1F. (Two probes are
needed for 16-channel operation).

(OA0=0A5T00): oo soinmmmmans s ssmmvic st s s $750
Lead sets — 40 cm, color coded replacement lead
set for the P6450 Probe or the P6451 Active Probe.

10 leads/set — connects probe head to 0.025 in
square pins.

(O12-0B55-01) . i cvsinss vndis s o ¥ sividin @ doesiie ajue s $35
Same lead set with hook tips.

(012-0670-00) .. .....coiviimininntnnranannnnn $36

(Note: EMI can exist with the 40 cm length. This
can be a problem if using a digital latch.)

BNC Cable — 50 ©, 18 in.
(012-0076-00) . ...\ o oo e $15

Probe Holder — Clip-on holder accommodates probe
pod from P6450 or P6451.

(352-0473-01) ......... ..ot $2.50

Lab Cart, Model 3

A rollabout cart which carries any 7000-Series Main-
frame with 7D0O1F Logic Analyzer, or any laboratory or
portable oscilloscope, on its top tray. Two underslung
trays accept up to two TM 504 Mainframes with LA
501W Logic Analyzer and other TM 500-Series modu-
lar instrumentation.

Model3Lab Cart .................. $325
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Logic Analyzer Accessories

s Ty o]

1. Miniature Retractable Hook Tip — Suitable for at-
taching P6450 to compact electronics.
(206-0222-00) o ¢ srouss v cve s » oo 3 sviws s mere s ¢ e @ s $5

2. Retractable Hook Tip — Suitable for use with
P6401 Logic Probe.

(013-0106-00) . ........c¢civiiiimnnnannennns $6.50
3. Pomona Hook Tip to 6-32 —
(BA4-028T-00) .. : cocwn « snrin o e b aims & areis o s $3.00

4. Probe Pin Tip — Accepts 0.025 in IBM SLT pin.
Slip on.
(206-0209-00) ..........c.iiiriiiii e, $2.65

5. Probe Tip — Flexible probe tip to fit 0.025 in square
pin.

(206-0193-00) ............ciiviivnnnennnanans $6.00
6. Miniature Alligator Clip —

(344-0046-00) ............c¢ciiuimiininennaeen $1.00
7. Clothes Pin IC Clip —

(003-0709-00) .........¢c0nviinvnninunbonnnins $24.00

8. Probe Pin Tip — Accepts 0.025 in IBM SLT pin.
Screw on.
(206-0134-03) .. ........0iiirr e $3.15

9. Probe Ground Lead Adapter — #6-32 to 0.025 in
IBM SLT square pin.
(206-0137-00) =i 5 ooma s pomn v 0 aoB 5 5 po & v 0 & sa $1.40

10. Miniature Probe Tip Adapter — For testing inte-
grated circuits. Package of 10.
(015=0201=01) ..« covsn 0 cmna v wrwmn @ wvvss s pamse s v $2.20

Additional accessories are described on pages 248
through 249,
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P6401 Logic Probe

TTL/DTL Compatible

Detects Steady Logic Levels
Detects Trains of Logic Pulses
Detects Abnormal Conditions
Strobed Detection of Logic Pulses
Store Mode

Protected against Overvoltage

The small, lightweight, hand-held P6401
indicates the state of logic levels in TTL,
DTL, or any other system with threshold
between 0.7 and 2.15 volts. A strobe input
can be used to detect the coincidence of
logic signals at two points. An indication
of whether a logic pulse has or has not oc-
curred can be obtained in a “store’” mode.

Power may be obtained from the unit under
test or any 5 V supply.

Two bright lights in the probe tip indicate
condition of the logic signal.

State or Condition

Steady high state
Steady low state

Pulse trains (normal
logic switching)

Indication

Steady red light
Steady green light

Blinking red and
green light at full

intensity
Abnormal state (be- No lights
tween high and iow)
Open circuit No lights
Excessive input voltage Both red and green
greater than 6 V lights lit

Alternating between
high state and
indeterminate state

Blinking red light

Alternating between
low state and
indeterminate state

Blinking green light

Using STORE mode,
one light will be on
initially. Event has
occurred when second
light is lit.

Single or very low
duty cycle logic pulse

SPECIFICATIONS

Low State Input Voltage Range —0 V to 0.7 V
*0.125 V.

High State Input Voltage Range — 2.175 V *=0.125 V
to Vcc.

Minimum Recognizable Pulse Width — 10 ns.
Impedance — =~ 7.5 k{ paralleled by =~ 6 pF.

Minimum Circuit Resistance for Open Circuit Indi-
cation — 10 kQ.

Max Safe Input — *=150 V (dc or rms).

Minimum Recognizable Strobe Pulse Width — 20 ns.
Max Safe Strobe Input — =30 V (dc or rms).

Strobe Input Impedance — 5.6 k2 within 20%.

ORDERING INFORMATION
P6401 5 ft. Probe (010-6401-01) ...... $99

Includes: Hook Tip (206-0114-00)
Strobe Lead (175-0958-01)
Strobe Lead (175-0958-00)

Probe Tip to 0.025 in square pin adapter
(206-0137-01)

White Plug (348-0023-00)
2 Alligator Clips (344-0046-00)
Accessory Pouch (016-0537-00) not shown

P Cay———
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Microprocessor Lab

8002

Multiple Microprocessor Support

Real-Time Trace Option

The 8002 Microprocessor Lab is a complete
software development system for the design
of microprocessor-based products. A key
feature is its ability to support many micro-
processor chips, including the Intel 8085A
and 8080A, Motorola 6800, Texas Instru-
ments TMS9900, and Zilog Z80A. In ad-
dition to multiple microprocessor support,
the 8002 offers a superior operating system
and powerful text editor, assembler, and de-
bugging programs; three optional levels of
emulation for software debugging, partial
and full emulation; and a real-time proto-
type analyzer option offering all the capabil-
ities of a microprocessor analyzer with eight
channels of external input.

Software Development and Debugging

In a typical design sequence, software is
developed using all the resources of TEK-
DOS, the disc-operating system software for
the 8002 Microprocessor Lab. TEKDOS per-
forms flexible disc and file utility functions,
data transfer functions, and system/peri-
pheral device control functions. In addition
to relieving the user of these housekeeping
chores, TEKDOS also supervises the text
editor, assembler, and linker programs and
the optional emulation support, debugging
system, and PROM programming routines.

Program entry and editing may be accom-
plished module by module. The line-orient-
ed text editor provides 150 60-character
lines of buffer workspace, and offers sev-
eral convenience features for preparing,
correcting, and modifying the program
quickly and easily. The macro assember al-
lows a multiple-step routine to be defined
by one new command. At the end of each
work session, file space is allocated by TEK-
DOS; duplicate files of important material
may be readily created. When program entry
has been completed, all program files may
be merged with a single TEKDOS command.

The assembler processor, with the appro-
priate disc inserted in the flexible disc drive,
performs program assembly functions for
each microprocessor supported by the 8002.

After an error-free assembly listing has been
obtained, the resulting object code may be
executed in system emulation (mode 0) on
the optional emulator processor. The emula-
tor processor is identical to the micro-
processor that will finally be installed in
the user’s prototype. Execution is performed
under control of the debugging system; dur-
ing execution, program steps can be traced,
software breakpoints can be set, and mem-
ory can be examined and changed as re-
quired. Should an error be discovered, that
portion of the program can be corrected at
the source level using the text editor. It
can then be reassembled and executed
again. This procedure continues until the
program is correct.
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A Complete Software Development System

The 8002 Microprocessor Lab consists of the 8002 mainframe, the dual flexible disc unit;
an optional system terminal (TEKTRONIX CT8100 or CT81071 recommended); and two sets of
assembler software for two different microprocessors, chosen from the microprocessors
supported at time of purchase. An emulator processor module for each microprocessor the
system supports, and its associated prototype control probe, are offered as options.

Partial and Full Emulation

After the software has been debugged, it
may be exercised on the prototype circuitry
in the partial emulation mode (mode 1). Dur-
ing partial emulation, control may be re-
leased from the 8002 to the prototype in
stages. The developmental software runs
using 8002 memory space and prototype
I/0 and clock. The 8002 memory mapping
feature allows memory to be gradually map-
ped over to the prototype in 128-byte ad-
dress blocks. Throughout partial emulation,
the user has access to prototype circuitry
through the debugging system, which en-
ables him, as before, to trace, set break-
points, examine and change memory and
register contents.

In full emulation (mode 2) the program is
run on the prototype, but program execution
is still under the complete control of the
debugging system. All I/0 and timing func-
tions are directed by the prototype; all mem-
ory has been mapped over to the prototype;
and only the prototype control probe is still
in place, emulating the target microproces-
sor. Although the prototype is effectively
free-standing, then, the user may still direct
program activity from the 8002.

8002 CHARACTERISTICS

The 8002 Microprocessor Lab is a modular
system whose mainframe houses up to 20
plug-in circuit boards. Two Assembler Soft-
ware Support packages for the microproc-
essors of choice are selected at the time
of purchase; their associated Emulator Sup-
port packages may be ordered as options.
A terminal is necessary for system opera-
tion, and may be ordered as an optional
peripheral.

The Real-Time Prototype Analyzer module,
additional 16K byte Program Memory mod-
ules, and PROM Programmer modules for
the 1702 or 2704/2708 are available as sys-
tem options.

A system communications module provides
three RS-232-C-compatible ports for inter-
face with system peripherals. Two ports are
designated for such peripherals as the op-
tional TEKTRONIX CT8100 Crt Terminal,
CT8101 Console Terminal, and LP8200 Line
Printer. The remaining port is designated
as a communications port for use with a
modem. Baud rate is selectable for each
port as 110, 300, 600, 1200, or 2400.

8002 PHYSICAL CHARACTERISTICS

Dimensions cm in
Height 24.7 9.6
Width 48.3 18.8
Length 57.3 22.3

Weight kg Ib
Net 30 66

8002 ENVIRONMENTAL CHARACTERISTICS

Temperature
Operating 0°C to +35°C (+32°F to 95°F).
Storage Not available.
Humidity To 90° relative noncondensing.
Altitude
Operating To 15,000 ft max.
Storage To 50,000 ft max.

8002 ELECTRICAL CHARACTERISTICS

115V ac =£10% or
230 V ac =10%.

Ac Input Voltages

Frequency Range | 60 Hz (50 Hz special order).

8002 DUAL FLEXIBLE DISC CHARACTERISTICS

Flexible Disc Unit — The Flexible Disc Unit consists
of two disc drives, a controller, and power supplies.
The two disc drives are designated as drive 0 and
drive 1. Drive 0 is the default system drive. System
programs are placed in this drive, including disc-
operating system programs, the text editor, and the
debugging routines peculiar to a specific emulator
processor. Drive 1 may be used for storing user files,
for modifying user files, or as a scratch data area.
Drive 0 or drive 1 may be designated as the system
drive.

Disc Organization — Each disc contains 77 concen-
tric tracks. Each quarter track, or block, is split into
eight sectors, and each sector can contain 128 bytes.
Due to directory limitations, a maximum of 72 files



can be contained on one disc. The disc-operating
system reserves track 0 for the disc directory; tracks
one through four are normally automatically reserved
for system programs.

Write Protection — Each disc has a write-protect slot.
If the slot is covered, the disc is write-enabled; if the
slot is not covered, the disc is write-protected. If an
attempt is made to write to a write-protected disc, an
error message will be displayed on the appropriate
peripheral.

ENVIRONMENTAL CHARACTERISTICS

Temperature
Operating +10°C to 35°C
(+50°F to 95°F).
Storage Not available.
Humidity
Operating To 90% relative noncondensing.
Storage Not available.
Altitude
Operating To 15,000 feet max.
Storage To 50,000 feet max.

PHYSICAL CHARACTERISTICS

Size cm in
Height 27 10.5
Width 44 17.5
Length 60 23.6

Weight kg Ib
Net 38.6 85

ELECTRICAL CHARACTERISTICS

Line Voltages Voltage Current

115V ac =10% 35A

230 Vac =10% 20A
Line Frequency 60 Hz (50 Hz special

order).

DISC UNIT CHARACTERISTICS
Capacity Bits Bytes
Per Disc 77 x 32 x 128 x 8 bits =|2,523,136| 315,392
Per Track 32 x 128 x 8 bits = 32,768| 4,096
Per Sector 128 x 8 bits = 1,204 128
Access Time 10 ms/track
ORDERING INFORMATION*

8002 Microprocessor Lab .......... $9950

*The 8002 and 8001 may not be available in
some areas of the world. Consult your Dis-
tributor or Representative.

Microprocessor Lab
A Complete In-Prototype Test and Emulation System

8001

The 8001 Microprocessor Lab consists of the 8001 mainframe; an optional system terminal
(TEKTRONIX CT8100 or CT8101 recommended); and a Microprocessor Support Package for
the microprocessor selected. A support package includes an emulator ROM, an emulator

processor, and a prototype control probe.

Multiple Microprocessor Support
Real-Time Trace Option

The 8001 Microprocessor Lab is a total
hardware debugging environment for the
design of microprocessor-based products.
A key feature is its ability to support many
microprocessor chips, including the Intel
8085A and 8080A, Motorola 6800, Texas In-
struments TMS9900 and Zilog Z80A. In ad-
dition to multiple microprocessor support,
the 8001 offers three emulation modes for
software debugging, partial and full emula-
tion, as well as a real-time prototype analy-
zer option offering all the capabilities of a
microprocessor analyzer with eight chan-
nels of external input.

Three Emulation Modes

In a typical design sequence, software is
first developed independently using time-
sharing, a minicomputer, another develop-
ment system, or some other means. It is
then downloaded to the 8001. At this point
the in-prototype emulation and software/
hardware integration capabilities of the 8001
come into play.

In emulation mode 0, the software runs only
on the emulator processor. This enables the
program to be debugged on a microproces-
sor identical to the one that will ultimately
be used in the completed product. In emu-
lation modes 1 and 2, the prototype control
probe is connected to the emulator proces-
sor at one end and plugged into the proto-
type’'s empty microprocessor socket at the
other.

Partial emulation (mode 1) lets the user
release control in methodical steps from the
8001 to the prototype. The developmental
software runs using 8001 memory space
and prototype /0 and clock. The 8001 mem-
ory mapping feature allows memory to be
gradually mapped over to the prototype in
address blocks. Throughout partial emula-
tion, the user has access to prototype cir-
cuitry via the powerful 8001 debugging sys-
tem, which enables him to trace, set break-
points, examine and change memory and
register contents.

Full emulation (mode 2) lets the user exer-
cise the program on the prototype while still

maintaining complete control through the
Microprocessor Lab. All I/0 and timing func-
tions are directed by the prototype; all mem-
ory has been mapped over to the prototype;
and only the prototype control probe is still
in place, emulating the target microproces-
sor. Although the prototype is effectively
free-standing, then, the user may still direct
program activtity through the prototype con-
trol probe.

8001 CHARACTERISTICS

The 8001 Microprocessor Lab is a modular system
whose mainframe houses up to 20 plug-in circuit
boards. An emulator processor module for the micro-
processor of choice, its associated prototype control
probe, and a ROM-based software module are pro-
vided with the system. Additional Emulator Processor
packages are available as options for each micro-
processor the system supports. A terminal is neces-
sary for system operation, and may be ordered as an
optional peripheral.

The Real-Time Prototype Analyzer module, additional
16K byte Program Memory modules, and PROM Pro-
grammer modules for the 1702 or 2704/2708 are avail-
able as system options.

A system communications module provides three
RS-232-C-compatible ports for interface with system
peripherals. Two ports are designated for such peri-
pherals as the optional TEKTRONIX CT8100 Crt Ter-
minal, CT8101 Console Terminal, and LP8200 Line
Printer. The remaining port is designated as a com-
munications port for use with a modem. Baud rate is
selectable for each port as 110, 300, 600, 1200, or
2400,

8001 PHYSICAL CHARACTERISTICS

Dimensions cm in
Height 24.7 9.6
Width 48.3 18.8
Length 57.3 22.3

Weight kg Ib
Net 30 66

8001 ENVIRONMENTAL CHARACTERISTICS

Temperature
Operating 0°C to +35°C (+32°F to 95°F).
Storage Not available.

Humidity To 90° relative noncondensing.

Altitude
Operating To 15,000 feet max.

Storage To 50,000 feet max.

8001 ELECTRICAL CHARACTERISTICS

Ac Input Voltages 115 V ac =10% or
230V ac =10%.

60 Hz (50 Hz special order).

ORDERING INFORMATION*
8001 Microprocessor Lab .......... $7650

Frequency Range




Emulator Processor and Prototype Control Probe Support Packages

The 8002 and 8001 Microprocessor Labs
currently support five different microproces-
sors: the Intel 8085A and 8080A, Motorola
6800, Texas Instruments TMS9900, and Zi-
log Z80A. Tektronix will continue to intro-
duce support for selected microprocessors
on a regular schedule.

Emulator packages for the 8002 and 8001
may be ordered as system options; one emu-
lator package is provided at the time of
purchase with the 8001. These options pro-
vide the capabilities necessary to fully emu-
late the target microprocessor in a user’s
prototype system.

The emulator processor, which resides on
a plug-in circuit module along with control-
ling logic circuitry, enables the user to exe-
cute and debug the program on a micro-
processor identical to the one which will
be used in the prototype, while giving him
access to the full 64K bytes of Micropro-
cessor Lab program memory.

The prototype control probe, which links
the emulator processor to the prototype
system, allows partial and full in-circuit
emulation.

All emulation operations are controlled by
the powerful Microprocessor Lab system
software. The user is able to monitor pro-
gram execution, set software breakpoints,
examine and change memory and register
contents. Debug trace information is dis-
played in a format unique to the micropro-
cessor, with instruction fetches disassem-
bled into mnemonics for easy interpretation.

8080 EMULATOR SUPPORT PACKAGE
CHARACTERISTICS
8080 and 8080A refer to microprocessors manufac-
tured by Intel Corporation. Tektronix, Inc., does not
guarantee that other vendors' versions of the 8080
will be compatible with the TEKTRONIX Microproces-
sor Labs.

PHYSICAL CHARACTERISTICS

Length 6 ft of cable from the emulator processor to
the interface assembly.

1.5 ft of cable from the interface assembly to
the 40 pin plug.
Cable Configuration

6 ft 2 40 conductor ribbon cables with alternating
ground and signal paths.

1.5 ft 2 twisted pair 40 conductor cables.
Termination

6 ft Thelinterface assembly contains resistive
termination and receivers for data, address,

and control from the emulator processor
module.

1.5ft Not terminated.

40 pin plug—40 pin spring plate protected plug. When
used with a zero insertion force socket, an
included 40 pin low profile DIP socket must
be used between the zero insertion force
socket and the 40 pin probe plug.

TIMING CHARACTERISTICS
Emulation Interface Delays*

To 8080 from
Interface Assembly | Typ Max (in ns)
o1 44 60
22 44 60
HOLD 44 67
RESET 44 67
RDY** 35 40
INT 63 104
DATA 44 53

32

cessed in contro/ mode 2 or special mode.

***The equation for HOLDA to tristate timing is as
follows: HOLDA « DBIN = FLOAT. Tristate of data
and address follows the trailing edges of DBIN or
WR by approximately 20 ns.

ORDERING INFORMATION

Factory Field Field
Option Description Price Number Price

From 8080 to TIMING CHARACTERISTICS
Interface Assembly | Typ Max (in ns) Emulation Interface Delays*
HOLDA*** 39 55 To 6800 from
SYNC 37 45 Interface Assembly | Maximum| TPCS' (in ns)
WAIT 37 45 a1 26 —
WR 37 45 22 26 =
DBIN 37 45 NMI 30 200
INTE 39 55 IRQ 67 200
ADDRESS 27 35 RESET 94 200
DATA 50 63 HALT** 72 _
114 (input setu
*Assumes 6 ft of cable at 1.5 ns/ft. ggg‘”* 28 (input setup)
*x is i I1/0 is ac- — - —
RDY |js ignored unless user memory or TeCT g |

From 6800 to

Interface Assembly | Maximum | TAD? (in ns)

8001 Microprocessor Lab| $7650

Option 01 8080
Microprocessor

Support Package NC 8001FO01 $2950

2002 Microprocessor Lab| $9950

Option 01 8080
Assembler Software

Support NC 8002F01 | $ 550

Option 16 8080

Emulator Support +$1850 | 8002F16 | $1950
Option 31 8080

Prototype Control

Probe +$ 850 | 8002F31 $ 950

6800 EMULATOR SUPPORT PACKAGE
CHARACTERISTICS

6800 refers to microprocessors manufactured by Mo-
torola Corporation. Tektronix, Inc., does not guaran-
tee that other vendors' versions of the 6800 will be
compatible with the TEKTRONIX Microprocessor
Labs.

PHYSICAL CHARACTERISTICS

Length 6 ft of cable from the emulator processor to
the interface assembly.

1 ft of cable from the interface assembly to

the 40-pin plug.

Cable Configuration

6 ft 2 40 conductor ribbon cables with alternating
ground and signal paths.

1 ft 2 twisted pair 40 conductor cables made up

of signal/ground pairs.

ADDRESS 20 300
DATA**** 28 460
VMA 45 300
R/W 63 300
BA 35 —

*Assumes 6 ft of cable at 1.5 ns/ft.

**HALT must occur within 80 ns after the falling
edge of @1 to be recognized at the rising edge of
the following 82.

***Delay to tristate, TSD=36 ns. Tristate is per-
formed by the interface buffers, not by the 6800.

****Data from the 6800 will be available to the proto-
type 460 ns after the rising edge of @1 or DBE +
36 ns, whichever is greater.
ITPCS—Control signal setup time prior to @2 fall-
ing edge.
:TAD—Output propagation delay from clock after
el rising edge.

ORDERING INFORMATION

Factory | Field Field
Option Description Price | Number | Price

8001 Microprocessor Lab $7650

Option 02 6800 Micro-
processor Support

Package NC 8001F02 | $2950

8002 Microprocessor Lab $9950

Option 02 6800 Assem-

bler Software Support NC 8002F02 | $ 550
Option 17 6800 Emulator
Support +$1850 [8002F17 | $1950

Option 32 6800 Prototype
Control Probe

+$ 850 18002F32 | $ 950



Z80 EMULATOR SUPPORT PACKAGE
CHARACTERISTICS
Z80 and Z80A refer to microprocessors manufactured
by Zilog Corporation. Tektronix, Inc., does not guar-
antee that other vendor’'s versions of the Z80 will be
compatible with the TEKTRONIX Microprocessor
Labs.

PHYSICAL CHARACTERISTICS

Length 6 ft of cable from the emulator processor to
the interface assembly.
1 ft of cable from the interface assembly to
the 40 pin plug.

Cable Configuration

6 ft 2 40 conductor ribbon cables with chassis
ground plane and signal paths.

1ft 2 40 conductor twisted pair cables.

Termination

6 ft The interface assembly contains receivers for
data, address, and control from the Z80
emulator processor module.

1 ft Not terminated.

TIMING CHARACTERISTICS

The Z80 emulator processor was designed to match
the ac characteristics of the Z80 microprocessor with
two exceptions. Those exceptions are:

Prototype Clock

The prototype clock may not be stretched over a
total of 10 us during any one memory or |/0 request
when a Microprocessor Lab memory access may 0C-
cur in the next cycle. This exception is valid only if
the prototype clock runs in excess of 1 MHz.

NMI (Non Maskable Interrupt) must occur one-half
cycle earlier than in a standard Z80 configuration.
This means the NMI must occur before the next to
last trailing edge of the M cycle just prior to M1.

ORDERING INFORMATION

Factory | Field Field
Option Description Price | Number | Price

8001 Microprocessor Lab $7650

Option 03 Z80 Micro-
processor Support

Package NC 8001F03 | $2950

8002 Microprocessor Lab $9950

Option 03 Z80 Assem-

bler Software Support NC | 8002F03 | $ 550
Option 18 Z80 Emulator
Support +$1850 | 8002F18 | $1950

Option 33 Z80 Emulator
Prototype Control Probe | +$ 850 | 8002F33 | $ 950

TMS9900 EMULATOR SUPPORT PACKAGE
CHARACTERISTICS

TMS9900 refers to microprocessors manufactured by
Texas Instruments Corporation. Tektronix, Inc., does
not guarantee that other vendor's versions of the
TMS9900 will be compatible with the TEKTRONIX
Microprocessor Labs.

PHYSICAL CHARACTERISTICS

Length 6 ft of cable from the emulator processor to
the interface assembly.

9.5 in of cable from the interface assembly to
the 64 pin plug.

Cable Configuration

6 ft 2 40 conductor ribbon cables with chassis
ground plane and signal paths.

9.5in 2 32 conductor twisted pair cables.

Termination

6 ft The interface assembly contains receivers for
data, address, and control from the TMS
9900 emulator processor module.

9.5in Not terminated.

Emulator Processor and Prototype Control Probe Support Packages

TIMING CHARACTERISTICS

To TMS9900 from Emulation Interface Delays*
Interface Assembly Typical Maximum (in ns)

o1 41 59
22 41 59
@3 41 59
o4 41 59
CRUIN 12 23
INTREQ 12 18
1C0 12 23
1C1 12 23
IC2 12 23
IC3 12 23
HOLD 12 18
READY 12 18
LOAD 12 18
RESET 68 98
DATA 14 24

From TMS9900 to

Interface Assembly Typical Maximum (in ns)

DBIN 24 41
MEMEN 12 18
WE 12 18
CRUCK 12 23
CRUOUT 12 23
HOLDA 12 23
WAIT 12 23
IAQ 12 23
ADDRESS 14 21
DATA 14 21

*Assumes 1.5 ft of cable at 1.5 ns/ft.

Note: All inputs and outputs of the 64 pin plug at
the end of the prototype control probe are
buffered by 74LSXXX type devices. In all
cases, data and control should not change
during clock o1.

ORDERING INFORMATION

. . Factory Field Field
Option Description Price | Number | Price

8001 Microprocessor Lab $7650

Option 04 TMS9900
Microprocessor Support
Package +$ 400 [8001F04 | $3350

8002 Microprocessor Lab $9950

Option 04 TMS9900
Assembler Software

Support NC 8002F04 | $ 550

8085 EMULATOR SUPPORT PACKAGE
CHARACTERISTICS

8085 and 8085A refer to microprocessors manufac-
tured by Intel Corporation. Tektronix, Inc., does not
guarantee that other vendor’'s versions of the 8085
will be compatible with the TEKTRONIX Microproces-
sor Labs.

PHYSICAL CHARACTERISTICS

Length 6 ft of cable from the emulator processor
to the interface assembly.
1 ft of cable from the interface assembly to
the 40 pin plug.

Cable Configuration

6 ft 2 40 conductor ribbon cables with chassis
ground plane and signal paths.

11 2 40 conductor twisted pair cables.

Termination

6 ft The interface assembly contains receivers for

data, address, and control from the 8085
emulator processor module.

i Not terminated.

AC CHARACTERISTICS

Emulation Clock
Mode 1 or Mode 2
(user's clock), with
8085 Prototype Con-
trol Probe.

Mode 0 (system clock)
Operational Speed
Full speed or 1 wait state per machine cycle during
8001/8002 program memory access selectable with
jumper.

One wait state per machine cycle is inserted when
using DEBUG breakpoints (BKPT) regardless of jum-
per position. When the Real-Time Prototype Analyzer
option is installed, real-time operation with break-
points automatically ensured during DEBUG by using
the event triggers (EVT).

*A clock error detection circuit ensures that the

user's clock is operational and basically within Intel
max (1 us) and min (160 ns) specifications.

6.25 MHz max*; crystal,
RC timing network or
TTL input to X1.

6.25 MHz £0.01%

ORDERING INFORMATION

Factory | Field Field
Option Description Price | Number | Price

8001 Microprocessor Lab $7650

Option 19 TMS9900

Emulator Support +$2100 | 8002F19 | $2200

Option 05 8085 Micro-
processor Support

Package NC 8001F05 | $2950

Option 34 TMS9900
Prototype Control

8002 Microprocessor Lab $9950

Option 05 8085 Assem-

bler Software Support NC 8002F05 | $ 550

Probe +$1000 | 8002F34 | $1100
Option 49 16K Memory
Module* +$1100 [ 8002F49 | $1210

*One supplied with either Microprocessor Lab.

Option 20 8085 Emu-

lator Support +$1850 | 8002F20 | $1950

Option 35 8085 Proto-
type Control Probe

+$ 850 | 8002F35 | $ 950
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8002 and 8001 Microprocessor Lab System Options

Real-Time Prototype Analyzer

The Real-Time Prototype Analyzer, Option
46 for the 8002 and 8001 Microprocessor
Labs, is comprised of a real-time trace
module, a data acquisition interface, and
an 8-channel general logic probe. This op-
tion provides a real-time trace of the user
program executing on the emulator proces-
sor, with 43 channels of data acquired si-
multaneously. The prototype address bus,
data bus, control bus, and any eight exter-
nal locations on the prototype circuit may
be monitored without slowing up the opera-
tional speed of the processor. The Real-
Time Prototype Analyzer is indispensable
when isolating critical timing errors and
hardware/software sequence discrepancies
during the final integration phases of proto-
type development.

The analyzer module is a separate plug-in
circuit card that may be inserted into either
the 8002 or 8001 system mainframe. The
P6451 Probe connects to the prototype cir-
cuitry and permits data transference from
the prototype to the analyzer. Data from the
prototype is buffered and driven by the
probe to the data acquisition interface, and
then loaded into the analyzer module's real-
time trace buffer.

As the user program executes on the emula-
tor processor, 48-bit data words are se-
quentially acquired from the prototype and
loaded into the real-time trace buffer. Each
data word contains 16-bit data from the ad-
dress bus; 8-bit or 16-bit data from the data
bus; 8-bit data from the test probe; 3-bit
data identifying cycle type (read, write, 1/0,
memory, or instruction fetch); and 5-bit
data used internally to identify last start/
stop of the emulator processor. The analy-
zer will continue to acquire these sequential
cycles of logic input until the processor is
stopped or the real-time trace buffer is
frozen by a specified trigger occurrence.
The real-time trace buffer can retain up to
128 data words in pre-, variable center, or
post-trigger modes; thus enabling the stor-
age of pertinent program bus transactions.

The Real-Time Prototype Analyzer offers ex-
panded breakpoints to aid in efficient loca-
tion of prototype problems. Two event com-
parators located within the analyzer module
can be utilized to halt program execution
and stop real-time trace. A trigger may be
generated on any specific data occurrence
in the address bus, data bus, test probe in-
put, and instruction cycle type. Triggering
may be immediate; delayed by counting the
number of passes; or delayed by counting
the number of clock select outputs (clock
select may be by microseconds, millisec-
onds, emulator clocks, etc.). In addition, an
output pulse may be generated, via the
data acquisition interface, to trigger a logic
analyzer or an oscilloscope.

The two event comparators (triggers) may
be set to designate a break or halt in the
program execution. These comparators
may be used as independent breakpoints;
or they may be used together to enable a
breakpoint on a specific event combination.
The program execution can be halted when
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two trigger events occur simultaneously;
when one trigger event precedes another;
or when either trigger event occurs. When
a break in the program execution takes
place, program transactions stored in the
real-time trace buffer may be displayed or
printed.

Data stored in the real-time trace buffer is
displayed sequentially in the order it was
acquired from the prototype. Buffer con-
tent may be displayed in whole or in part.
Optional command parameters are avail-
able to limit the storing of data to any spe-
cific transaction type, such as memory reads
only. If the total buffer contents are dis-
played, a blank line will separate the data
sequence associated with each program
starting point.

The Real-Time Prototype Analyzer features
a convenient and easy-to-understand dis-
play format. With this format, the address
location, data, probe input, and control bus
data of each acquired transaction are dis-
played. If the transaction was an instruc-
tion fetch, the instruction is also disassem-
bled into the appropriate mnemonic read-
out unique to the emulator type being used.

The Real-Time Prototype Analyzer functions
in all emulation modes and operates with
all commercial microprocessors supported
by the 8002 and 8001 Microprocessor Labs.

REAL-TIME PROTOTYPE ANALYZER
CHARACTERISTICS

OPERATIONAL SPEED CHARACTERISTICS

Processor Maximum Processor Clock Rate*
8085 3.125 MHz (internal clock)

8080 2.08 MHz

6800 1.00 MHz

Z80 4.00 MHz

TMS9900 3.33 MHz

*Maximum processor clock rate for Real-Time Proto-
type Analyzer operation.

INPUT/OUTPUT CHARACTERISTICS
Variable Threshold

Range
Preset TTL Voltage
Event Trigger Out

>+10V dc to <—10 V dc
+1.4 V dc =200 mV

High level voltage out (when
Veec=Min, Vi=0.5,
Ro=50 Q to GND) is >2 V dc.

Adjustments—Variable Threshold may be adjusted
from >410 V dc to <—10 V dc with a screwdriver
adjustment accessible at the rear panel of the Micro-
processor Lab. This voltage must be monitored with

a voltmeter having an input impedance of at least
10 MQ.

Jumpers—With the internal jumper in position ‘0-3’
the clock threshold is designated to be the same
as channels 0-3. In position ‘4-7' the jumper desig-
nates the clock threshold to be the same as channels
4-7.

Cable Length — 50 cm (19.5 in).

ORDERING INFORMATION

Factory Field Field
Option Description Price Number Price
8001 Micro-
processor Lab $7650

Option 46 Real-
Time Prototype

Analyzer +$1950 8001F46 $2150
8002 Micro-

processor Lab $9950

Option 46 Real-

Time Prototype

Analyzer +$1950 | 8002F46 $2150

1702 and 2704/2708 PROM Programmer
The 1702 and 2704/2708 PROM Program-
mer, Options 47 and 48 for the 8002 and
8001 Microprocessor Labs, provide the abil-
ity to program either 1702 or 2704/2708
erasable PROM chips. When the module is
installed in an 8002 or 8001 mainframe, the
PROM Programmer software enables com-
munication between 8002 or 8001 program
memory and the PROM installed in the front-
panel PROM programming porch.

1702 or 2704/2708 PROM Programmer soft-
ware transfers one data byte at a time, and
actual addresses are assigned. Data may be
written from 8002 or 8001 program memory
(WPROM); read from PROM into program
memory (RPROM); or compared on the
system terminal (CPROM).

The RPROM command allows the program-
med PROM to be read into program memory
and dumped to the system console. The
CPROM compare function performs an ad-
dress-by-address comparison between the
PROM and the program under development.
When an inequality between PROM bytes
and memory bytes occurs, the memory ad-
dress, memory byte content, and PROM byte
content are displayed on the system con-
sole. A successful comparison between des-
ignated PROM and memory bytes is indi-
cated by an End of Job message on the
console.

e

ORDERING INFORMATION

Factory Field Field

Option Description Price Number Price
8001 Micro-
processor Lab $7650
Option 47

1702 PROM

Programmer +$500 8001F47 $550
Option 48

2704/2708 PROM

Programmer +$500 8001F48 $550
8002 Micro-
processor Lab $9950
Option 47

1702 PROM

Programmer +$500 8002F47 $550
Option 48

2704/2708 PROM

Programmer + $500 8002F43 $550



8002 and 8001 Microprocessor Lab System Peripherals

CT8100 Crt Terminal
The CT8100 Crt Terminal is an optional per-
ipheral recommended for use with the 8002
and 8001 Microprocessor Labs.

The CT8100 is interfaced to the 8002 or the
8001 through an EIA standard RS-232-C
port on the system communications module.
Data formats and baud rate are switch-
selectable for TTY or EIA operation.

The keyboard provides selection of the full
ASCII set of 96 characters.

The console screen provides space for 24
lines of 80 characters each, allowing the 12-

CT8101 Console Terminal
The CT8101 Console Terminal is an optional
peripheral recommended for use with the
8002 and 8001 Microprocessor Labs.

The CT8101 is interfaced to the 8002 or
8001 through an EIA standard RS-232-C
port on the system communications module.
Data formats and baud rate are switch-
selectable for TTY or EIA operation.

The keyboard provides selection of the full
ASCII set of 96 characters. It also features
character repeat when any key is pressed
at the same time as the REPEAT key.

ELECTRICAL CHARACTERISTICS

inch diagonal, refreshed crt to display up
to 1920 characters.

ELECTRICAL CHARACTERISTICS
115/230 (Hi, Medium, Lo) V ac,
50 to 400 Hz; nominal 220 W.

PHYSICAL CHARACTERISTICS

LP8200 Line Printer
The LP8200 Line Printer is an optional sys-
tem peripheral for the 8002 and 8001 Micro-
procesor Labs.

The LP8200 is serially interfaced to either
Microprocessor Lab through an EIA stan-
dard RS-232-C port on the system communi-
cations module. Baud rates of 300 to 9600
are selectable.

The printout provides space for 132 charac-
ters/line, 6 lines/vertical inch. The full
ASCII set of 96 upper/lower case charac-
ters is provided.

ELECTRICAL CHARACTERISTICS

Voltage 90 to 132 V ac or 180 to 264 V ac.
Frequency 50 or 60 Hz =1 Hz.
Power 400 W max (printing);

200 W max (idle).

PHYSICAL CHARACTERISTICS

Voltage 115 V RMS; +10%, —15%.
Frequency 47 through 63 Hz.
Power 75 W max.

PHYSICAL CHARACTERISTICS
Dimensions cm in
Height 10.79 4.25
Width 37.08 14.60
Length 38.73 15.25
Weight Ib
Net 11.20 (including paper)

ORDERING INFORMATION
CT8101 Console Terminal .......... $1395

Dimensions cm in

Height 33.02 13

Width 45.72 18

Length 68.58 27

Weight Ib

Net 46

Shipping 67

ORDERING INFORMATION
CT8100 Crt Terminal .............. $3495

Dimensions cm in

Height 85.09 33.5

Width 69.85 27.5

Length 55.12 21.7
Weight Ib

Net 102

ORDERING INFORMATION
LP8200 Line Printer .. ............. $3765
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8001 and 8002 Microprocessor Lab
Ordering Information

Factory Field Field
Option Description Price Number Price

8001 Microprocessor Lab $7650
Select Option 01 8080 Microprocessor Support Package NC 8001FO01 $2950
one Option 02 6800 Microprocessor Support Package NC 8001F02 $2950
with Option 03 Z80 Microprocessor Support Package NC 8001F03 $2950
initial Option 04 TMS9900 Microprocessor Support Package  +$ 400 8001F04 $3350
order Option 05 8085 Microprocessor Support Package NC 8001F05 $2950
Option 46 Real-Time Prototype Analyzer +$1950 8001F46 $2150
Option 47 1702 PROM Programmer +$ 500 8001F47 $ 550
Option 48 2704/2708 PROM Programmer +$ 500 8001F48 $ 550
Option 49 16K Memory Module +$1100 8001F49 $1210

8002 Microprocessor Lab $9950
Select Option 01 8080 Assembler Software Support NC 8002F01 $ 550
two Option 02 6800 Assembler Software Support NC 8002F02 $ 550
with Option 03 Z80 Assembler Software Support NC 8002F03 $ 550
initial Option 04 TMS9900 Assembler Software Support NC 8002F04 $ 550
order Option 05 8085 Assembler Software Support NC 8002F05 $ 550
Option 16 8080 Emulator Support +$1850 8002F16 $1950
Option 17 6800 Emulator Support +$1850 8002F17 $1950
Option 18 Z80 Emulator Support +$1850 8002F18 $1950
Option 19 TMS9900 Emulator Support +$2100 8002F19 $2200
Option 20 8085 Emulator Support +$1850 8002F20 $1950
Option 31 8080 Prototype Control Probe +$ 850 8002F31 $ 950
Option 32 6800 Prototype Control Probe +$ 850 8002F32 $ 950
Option 33 Z80 Prototype Control Probe +$ 850 8002F33 $ 950
Option 34 TMS9900 Prototype Control Probe +$1000 8002F34 $1100
Option 35 8085 Prototype Control Probe +$ 850 8002F35 $ 950
Option 46 Real-Time Prototype Analyzer +$1950 8002F46 $2150
Option 47 1702 PROM Programmer +$ 500 8002F47 $ 550
Option 48 2704/2708 PROM Programmer +$ 500 8002F48 $ 550
Option 49 16K Memory Module +$1100 8002F49 $1210

Peripherals

CT8100 Crt Terminal $3495

CT8101 Console Terminal $1395

LP8200 Line Printer $3765
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7000-Series Instruments

Pick a Plug-in Oscilloscope for:

Superior Performance. The 7000 Series of plug-in laboratory in-
struments embodies more state-of-the-art performance fea-
tures than any other oscilloscope-based measurement system.

Flexibility. Mainframes in the family offer a choice of popular band-
width ranges and a variety of additional features. With over 35
compatible plug-ins to choose from, you can configure a flex-
ible scope package based on your individual needs.

Expandability. This assures you that the instrument you buy today
will adapt to changing measurement needs, and that it won't
become obsolete soon after you but it. Three of Tektronix’
most recent developments in plug-in scope capability are: The
Fast Storage Oscilloscope, the Logic Analyzer Plug-in, and
the Spectrum Analyzer Plug-in.

The 7000 Series...more than an oscilloscope.




7000 Series...more than an oscilloscope

Crt Readout

Bright Traces

Large No Parallax
Illuminated Graticules

Easy Display Selection

Convenient Camera
Mountings And
Connections

Calibration Standard

Plug-In Flexibility

The 7000 Series is a unique family of
instrumentation components, a continuation
of the Tektronix heritage of bringing to the
laboratory the ultimate in measurement
technology.

Numerous measurement concepts—oscil-
loscopy, synergistic analog-digital measure-
ments, spectrum analysis, sampling, time
domain reflectometry, curve tracing—are
fused into a family of interdependent cath-
ode-ray-tube mainframes and instrumen-
tation plug-ins.

A system can be tailored for your exact
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measurement needs. Mainframes in the
family offer a choice of popular bandwidth
ranges and a wide selection of additional
features. Plug-ins—including oscilloscope
vertical amplifiers and time bases as well
as instruments for a variety of applica-
tions—can be selected to round out your
tailored system.

In opposition to an industrial world that is
frequently faulted for planning obsoles-
cence, this instrument family strategically
defers obsolescence. Each mainframe and
each plug-in reflect the latest technology

7904
OSCILLOSCOPE

|

Pick The Trigger Source

at their inceptions, yet each fits a well
planned niche in this interdependent family.
The result is an array of instrumentation
components that can adapt to and adopt
new developments while protecting your
initial investment. Today’s system may be
expanded to meet future needs at a
relatively low cost by the addition of a plug-
in or two. When the time comes to add a
more powerful mainframe, your older model
continues to be useful for a host of applica-
tions.




Crt Readout*

All significant parameters are displayed in
alphanumeric characters right on the crt.
They are readily visible when you need them
for quick oscilloscope measurements, and
they are permanently recorded on your
waveform photographs for future analysis.
When your 7000-Series Measurement Sys-
tem includes a digital instrument plug-in,
the measurement is presented in clear,
accurate digital terms, along with a corre-
sponding analog waveform.

Bright Traces

All 7000-Series Crts have bright displays
and excellent photographic writing speeds.
For applications requiring maximum photo-
graphic writing speeds, several mainframes
feature a condensed scan on a reduced
area in the center of the crt.

Large llluminated Graticules
Eliminate Parallax

The display area is 8 by 10 divisions (0.9,
0.98, 1.0, or 1.22 cm/div depending upon
mainframe) with a parallax-free graticule.
All graticules are illuminated except the
7313.

Convenient Camera Mountings
and Connections

A standard bezel connector matches all

*Not available in mainframes or plug-ins with “'N”
suffix.

7000-Series Reference

TEKTRONIX Oscilloscope Cameras to 7000-
Series Mainframes.

Independent Intensity Controls

Separate intensity controls allow for inde-
pendent adjustment of A sweep, B sweep,
and character readout brightness. The
intensity of each sweep may be adjusted to
a level that suits your application.

Autofocus

The trace stays in focus with changes in
intensity. After the focus is initially set, an
autofocus circuit reduces the need for ad-
ditional adjustments.

Adjustable Graticule lllumination

This gives you easier viewing and sharper
photos. Not available on the 7313.

Plug-ins
Flexible Measurement Systems

More than thirty plug-ins provide you with
flexibility to choose just the measurement

capability you require.

Analog/Digital Synergism

Digital instrumentation plug-ins create un-
surpassed measurement capabilities. Highly
accurate digital measurements may be
made at selectable points on complex
waveforms by visually superimposing gate
waveforms over signal waveforms.

Mainframes
Calibration Standard

All the 7000-Series Calibrators serve as a
voltage standard for calibrating vertical
plug-ins, a 1 kHz square wave for adjusting
probe compensation, or a 1 kHz frequency
standard in the 7800- and 7900-Series Main-
frames. The output is available in several
dc or 1 kHz square-wave voltages.

Trigger Source Flexibility

The left and right trigger selector main-
frame pushbuttons route the desired trigger
source to the appropriate time base. A
VERT mode position automatically routes
whichever source has been chosen for
vertical inputs.

Easy Display Selection

Vertical mode switches allow you to easily
select the desired vertical amplifier or
interaction of amplifiers (e.g., alternate,
chopped, or added modes). Four-compart-
ment mainframes provide equivalent flex-
ibility for time bases as well.

Mainframe Flexibility

Numerous options add even more flexibility
in creating the oscilloscope system that
most closely meets your measurement re-
quirements.
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7000-Series Reference

STORAGE

Readout Stored with the Waveform

Fast Stored Writing Speeds
Multimode 7834/7633/7623A

Variable Persistence 7613
or
Split Screen Bistable 7313

I

DUAL BEAM
400 MHz Bandwidth

Full Vertical and Horizontal
Cross-over Switching (one input shown at two sweep speeds)

Full Overlap on 8 x 10 cm Display

DIGITAL

Sample and Hold Dvm Measures Difference Voltage between
Two Points on Complex Waveform (gate waveform indicates two
points—leading and trailing edges—where voltage difference is
made—+0.737 V)

Readout Unit Identifies this Waveform as TEST DATA-PHOTO 17
Counter/Timer Measurement with Analog Display

Compare Digital Measurement with Analog Display
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SAMPLING
Two-Dot Time Measurement
Calibrated Delayed Sweep
Simultaneous Sampling & Conventional Displays

Operational Ease of a Conventional Oscilloscope

g
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[ T



7000-Series Storage
Oscilloscopes

Storage, as it applies to most instruments
in the TEKTRONIX 7000 Series, involves
techniques for capturing and retaining sig-
nals within the cathode-ray tube itself.
(Systems for digitally reconstructing sig-
nals, sometimes included under the broad
umbrella of storage, are discussed on
pages 193 and 194).

Why Store?

Capturing an event for detailed analysis is
perhaps the most obvious application for a
storage crt, but many other situations also
call for its unique advantages. Some ex-
amples include capturing the entire display
of a slowly occurring signal . . . observing
signal changes during circuit adjustment . . .
comparing incoming signals with a standard
. . . increasing the brightness of a repetitive
signal for viewing in normal ambient light
... reducing flicker or noise . . . baby-sitting,
or unattended monitoring for a transient
event . . . and enhancing other recording
techniques such as photography.

Storage Features

Since 1962, when Tektronix introduced
phosphor target bistable storage in the
564, techniques for capturing and retaining
waveforms have grown at an explosive rate
in order to keep pace with measurement
demands.

However, the language of storage—such
terms as bistable, variable persistence, and
mesh transfer—frequently presents as much
confusion as the measurement that must
be made.

Characteristics of individual 7000-Series
Mainframes employing storage techniques
are listed on pages 55 through 62. A re-
view, though, of storage concepts should
prepare the reader to evaluate the various
alternatives more knowledgeably.

Bistable

Phosphor target bistable, available on the
7313 Mainframe, offers a low-cost alter-
native with relatively long view times.
Waveform storage takes place directly on
the crt phosphor. This easy-to-use tech-
nique offers the flexibility of split-screen
storage. Upper and lower halves of the
screen may be stored independently. Thus,
a reference signal may be stored on one
half for comparison against signals on the
other half.

Phosphor target bistable has a relatively
slow writing speed and a dim contrast be-
tween the trace and the background bright-
ness.

Bright Bistable

Bright bistable storage, available as one
storage mode on the 7834, 7633 and 7623A
Mainframes, employs a mesh between the
electron gun and the crt phosphor. It
features bright, long-lasting displays with
reduced contrast.

Variable Persistence

Variable persistence storage is available in
the 7613, 7623A, 7633, and 7834 Mainframes.
It features bright, high-contrast displays and
controlled persistence.

A front-panel persistence knob provides
control of the decay (fade-away) rate of the
stored image. The rate can be varied
from almost instantaneous disappearance
to a view time of greater than 15s in the
7613 (30 s in the 7623A, 7633, and 7834).

Fast Multimode

Fast multimode storage, available in the
7623A, 7633, and 7834, provides four storage
modes. The four modes combine the pre-
viously discussed bright bistable and vari-
able persistence storage modes with fast
bistable and fast variable persistence.

The display characteristics of fast bistable
and fast variable persistence are the same
as bistable and variable persistence re-
spectively. In either fast storage mode the
trace image is first written on a fast mesh,
then transferred to a long retention mesh
for viewing.

As the name implies, fast provides in-
creased storage writing speed. For ex-
ample, in the reduced scan display mode,
the variable persistence writing speed of
5.4 cm/us is increased to 2500 cm/us by
selecting fast variable persistence. The
2500 cm/us writing speed is fast enough to
capture a single event equivalent to the
7834's 400-MHz bandwidth or a 900 ps rise
time.

400 MHz Dual-Beam

Dual-beam oscilloscopes are essentially
two oscilloscopes in one. Each beam op-
erates separately and independently of the
other. They are required for many applica-
tions where two transient events must be
compared simultaneously. These applica-
tion areas include stimulation and reaction
events in such fields as medicine, biology,
chemistry, engineering mechanics, to name
just a few.

Depending on the plug-ins selected, up to
eight traces can be displayed at a time.

7000-Series Reference

Digitals

The 7000-Series Digital Plug-ins include: a
universal counter/timer, 525 MHz direct
frequency counter, digital multimeter with
temperature mode, digital delay by time or
events, a versatile 0.01% A/D converter
with vertical amplifier, and a special read-
out unit to label each test for future refer-
ence. Together with a 7000-Series Main-
frame, these give you the advantage of
seeing what you're measuring, plus ac-
curacy of digital techniques.

This combination offers many advantages
over separate test units. You get: scope-
controlled digital measurements, measur-
ing convenience and confidence, increas-
ed accuracy, easier and faster solution to
complex problems, a lower dollar invest-
ment, more bench space and signal condi-
tioning.

Sampling

The 7000-Series Sampling Plug-ins provide
some unique measurement capabilities not
available in other sampling oscilloscopes.
You get: a low-cost storage crt for slow
scans, a random mode lets you see leading
edges with pretrigger or bandwidth-limiting
delay line, you have a wide choice of
sampling heads at minimal cost, and you
get the convenience of sampling and
conventional displays at the same time
on the crt.

The sampling waveform on the preceding
page was displayed using the 7S14. You
can position the two bright dots to any two
points in a waveform which is displayed at
10 ns/div or faster. The separation be-
tween dots is controlled by a calibrated 10-
turn DTM dial. Repeated time measure-
ments on similar waveforms may be made
more rapidly and accurately and with less
fatigue using this unique two-dot method.

Spectrum Analysis

Unexcelled plug-in performance from 20 Hz
to 60 GHz is provided by the 7L5, 7L13 and
7L18 Spectrum Analysis. Stable, sensitive
and spurious-free, these analyzers work in
any 7000-Series Mainframe. The same main-
frame may be used with other plug-ins for
oscilloscope measurements.

Some plug-in analyzers have microproces-
sor-aided controls for easy operation, and
digital storage and display capability for re-
calling and comparing signals. Others offer
30 Hz resolution for viewing close-together
signals. Some optional tracking generators
are available for swept frequency measure-
ments.

Refer to the Spectrum Analyzer section for
more information.
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7000-Series Reference

PLUG-IN AMPLIFIER

7A11

7000-SERIES VERTICAL SYSTEM SPECIFICATIONS

7A13 TA15A 7A16A TA17 7A18 TA19 TA21N TA22 TA24 7A26
PAGE 78 79 78 78 78 80 79 79 79 80 80
PERFORMANCE Low-capaci- Differential Low-cost Wide-band- Low-cost, Dual- Wide-band- Direct Dc-coupled, Dual- Dual-
FEATURE tance FET dc offset, conven- width con- easy to channel width 50-Q crt high-gain channel channel
probe amplifier | high-freq tional ventional customize | amplifier input access differential 50-Q amplifier
cmrr ampli- input input amplifier amplifier amplifier amplifier
fier amplifier amplifier
MIN DEFL 5 mV/div 1 mV/div 5 mV/div 5 mV/div 50 mV/div| 5 mV/div 10 mV/div [ <4 V/div 10 puV/div 5 mV/div 5 mV/div
FACTOR (0.5 mV/div)?
ACCURACY! 2% 1.5% 2% 2% e — 2% 3% _ 2% 2% 2%
WITHOUT PROBE (integral)
105 MHz P6053B*
BW 250 MHz 105 MHz P6106** 80 MHz 225 MHz 150 MHz 75 MHz 500 MHz 1 GHz 1 MHz = 10% 350 MHz 200 MHz
65 MHz P6055
FAMILY | myo0s 3.4 ns P6053B*
o b Tr 1.4ns 3.4 ns P6106** 4.4ns 1.6 ns 2.4 ns 4.7 ns 0.8 ns 350 ps 350 ns = 9% 1.0ns 1.8 ns
(0°C to R7912 5.4 P6055
30°C) 4 ns
100 MHz P6053B*
SIG OUT BW 140 MHz 100 MHz P6106** 70 MHz 140 MHz 15 MHz 70 MHz 300 MHz R — 1 MHz £ 10% 140 MHz 140 MHz
65 MHz P6055
100 MHz P6053B*
BW 200 MHz 100 MHz P6106** 80 MHz 200 MHz 150 MHz 75 MHz 400 MHz? 1 GHz 1 MHz + 10% 300 MHz 180 MHz
65 MHz P6055
7844/R
3.5 ns P6053B*
7800 Tr 1.8 ns 3.5 ns P6106** 4.4 ns 18 ns 2.4 ns 4.7 ns 0.9 ns 350 ps 350 ns + 9% 1.2 ns 1.9 ns
FA}’MILY 5.4 ns P6055
‘3‘;,%)"‘ 95 MHz P6053B*
BW 200 MHz 95 MHz P6106** 80 MHz 200 MHz 150 MHz 75 MHz 400 MHz o 1 MHz = 10% | 300 MHz 180 MHz
7834 65 MHz P6055
3.7 ns P6053B*
Tr 1.8 ns 3.7 ns P6106** 4.4 ns 1.8 ns 2.4 ns 4.7 ns 09 ns —_— 350 ns = 994 1.2 ns 1.9 ns
5.4 ns P6055
100 MHz P6053B*
BW 170 MHz 100 MHz P6106** 75 MHz 170 MHz 150 MHz 75 MHz 250 MHz4 —_— 1 MHz = 10% 200 MHz 170 MHz
7704A 65 MHz P6055
3.5 ns P6053B*
e o B &id.ns 3.5 ns P6106** | 4.7 ns 2.1 ns 2.4 ns 47 ns 1.5 ns — 350ns + 9% | 1.8ns 2.1ns
R 5.4 ns P6055
S0PC) 60 MHz P6053B *
SIG OUT BW 70 MHz 60 MHz P6106** 55 MHz 70 MHz 15 MHz 55 MHz 80 MHz e 1 MHz = 10% 70 MHz 70 MHz
50 MHz P6055
100 MHz P6053B*
BW 170 MHz 100 MHz P6106** 75 MHz 160 MHz 150 MHz 75 MHz 200 MHz —_— 1 MHz = 10% 200 MHz 150 MHz
65 MHz P6055
3.5 ns P6053B*
ety | T r 21 ns 3.5ns P6106** | 4.7 ns 2.2 ns 2.4ns 47ns 1.8 ns — 350ns +9% | 1.8ns 2.4 ns
5.4 ns P6055
60 MHz P6053B*
SIG OUT BW 70 MHz 60 MHz P6106** 55 MHz 70 MHz 15 MHz 55 MHz 80 MHz o 1 MHz + 10% 70 MHz 70 MHz
50 MHz P6055
100 MHz P6053B*
BW 150 MHz 100 MHz P6106** 75 MHz 150 MHz 150 MHz 75 MHz 175 MHz e 1 MHz + 10% 160 MHz 140 MHz
65 MHz P6055
3.5 ns P6053B*
R7704 Tr 2.4 ns 3.5 ns P6106** 4.7 ns 24ns 2.4 ns 4.7 ns 2.0 ns —_— 350 ns + 9% 2.2ns 2.5ns
5.4 ns P6055
55 MHz P6053B*
SIG OUT BW 60 MHz 55 MHz P6106** 50 MHz 60 MHz 15 MHz 50 MHz 65 MHz  —— 1 MHz + 10% 60 MHz 60 MHz
45 MHz P6055
7603/R BW 100 MHz 75 MHz P6016 65 MHz 100 MHz 100 MHz 75 MHz 100 MHz e 1 MHz + 10% 100 MHz 100 MHz
7633/R 55 MHz P6055
7623A/R Tr 3.5ns 5.0 ns P6016 5.4 ns 3.5ns 3.5ns 4.7 ns 3.5ns e 350 ns + 9% 3.5ns 3.5ns
7613/R 6.4 ns P6055
7603N SIG OUT BW 60 MHz 55 MHz P6016 50 MHz 60 MHz 15 MHz 50 MHz 65 MHz —_— 1 MHz + 10% 60 MHz 60 MHz
7600 Opt 115 45 MHz P6055
L BW 25 MHz 25 MHz P6062B | 25 MHz 25 MHz 25 MHz 25 MHz 25 MHz === TMHz * 10% | 25 MHz 25 MHAz
STORAGE 24 MHz P6055
FAMILY 7313 Tr 14 ns 14 ns P6062B 14 ns 14 ns 14 ns 14 ns 14 ns —_ 350 ns + 9% 14 ns 14 ns
R7313 15 ns P6055
SIG OUT BW 60 MHz 55 MHz P6062B 50 MHz 60 MHz 15 MHz 50 MHz 65 MHz —— 1MHz = 10% | 60 MHz 60 MHz
45 MHz P6055
System Environmental Specifications (apply to all instruments except where 3Bandwidth is 325 MHz to 10 mV/div. *P6053B has Trace |dentify
noted)—Operating temperature range is from 0°C to --50°C. Operating ) ) i -
altitude to 15,000 feet. Nonoperating to 50,000 feet. 4‘Bandwidth is 200 MHz at 10 mV/div. P6106 has Ground Reference
Accuracy percentages apply to all deflection factors. Plug-in gain must be *All 7000-Series Plug-ins are compatible with the 7603N Opt 11. H°WBV‘:1"
set at the deflection factor designated on each plug-in. When a probe is they do not meet the rigid environmental specifications required by the
used, the gain must be set with the calibration signal applied to the probe military.
tip. The calibration signal is supplied by an external calibrator whose tRefer to Transient Digitizer, R7912 not available with signal outputs.
accuracy is within 0.25%.
ZObtained with X10 gain at reduced bandwidth of 10 MHz.
RECOMMENDED COMBINATIONS 7000-SERIES MAINFRAMES AND TIME BASES
7904 7704A 7603N 7633/R
MAINFRAME R7903 7834 7844/R R7704 7603/R | Opt 11 | 7623A/R | 7613/R | 7313/R
Time Base PERFORMANCE FEATURE @ |INDICATES RECOMMENDED COMBINATION
7B50A Single time base [ ] ® ® @
7B53A Dual time base with mixed sweep () ® ® * ® ® ©
7B53A Opt 05 7B53A with tv sync triggering ® ® [ ] [ ) [ ]
Single time base (used also as
A @
7B80 delayed time base) ® . o
Single time base with delaying and A n
7B85 delay sweep function . . ® .
7B92A Dual time base with display switching ® ® ® el)
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*7B53AN Opt 11 is recommended; one is supplied with 7603N Opt 11S system.
(I)INo trace separation.




7000-SERIES
OSCILLOSCOPE SYSTEMS/PROBE SELECTION CHART*

7000-Series Reference

PASSIVE VOLTAGE FET PROBES 50 Q/1 MQ
PASSIVE VOLTAGE 1-MQ INPUT COMPATIBLE 50-0 INPUT COMP INPUT COMPATIBLE CURRENT PROBES
PROBE P6101 P6106 P6055 P600S P6015 P6062B P6105 P6056 P6057 P6202 P6046 P6201 w/passive w/passive P6302/
1 Meter 1 Meter 3.5° 9 10" 6’ P6108 6’ 6’ 2 Meter 6’ 6' term term AM 503
P6053B 2 Meter P6021 P6022 6’
3.5 5'10 mV/mA| 5" 10 mV/mA
FEATURES Miniature Fastest Adj 1.5 kV Com-| 40 kV Pk Selectable Miniature | Fastest 10X Fastest 10-MQ Input | Differential [ Low Capaciqy Ac High Ac High Dc High
Probe Probes Attenuation patibility Pulse Attenuation Probe Passive 100X Pas- | Impedance |Probe High |tive Loadin Current Frequency Current
Compatible for Com- Probe sive Probe De, Off- Cmrr Ac Couplin;
with 1-MQ | Differential patibility Low C Low C set Dc Offset
Input Use
ATTENUATION 1X 10X 10X 100X 1000X Selectable 10X 10X 100X Selectable |Selectable | Selectable | Selectable | Selectable | Selectable
7A11* Nc Nc Nc Nc Nc Nc 55 MHz 150 MHz 45 MHz
7TA13 34 MHz 105 MHz 65 MHz 85 MHz 65 MHz 75 MHz 105 MHz 105 MHz 70 MHz 105 MHz 50 MHz 90 MHz 45 MHz
7900 7A15A 34 MHz 75 MHz 70 MHz 60 MHz 75 MHz 75 MHz 80 MHz 80 MHz 60 MHz 75 MHz 45 MHz 70 MHz 40 MHz
FAMILY 7TA16A 34 MHz 200 MHz 130 MHz 80 MHz 205 MHz 205 MHz 90 MHz 215 MHz 55 MHz 150 MHz 45 MHz
TA18 34 MHz 75 MHz 70 MHz 60 MHz 75 MHz 75 MHz 75 MHz 75 MHz 60 MHz 75 MHz 45 MHz 70 MHz 40 MHz
TA19 Nc Nc Nc Ne¢ Nc Nc Nc 500 MHz 480 MHz 300 MHz 95 MHz 430 MHz Nc Nc 50 MHz
7A22 1 MHz Nc 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz
7A24 Nc Nc Nc Nc Nc Nc 350 MHz 350 MHz 290 MHz 90 MHz 310 MHz Nc Nc 45 MHz
TA26 34 MHz 175 MHz 125 MHz 75 MHz 185 MHz 85 MHz 180 MHz 55 MHz 140 MHz 45 MHz
TAN1 Nc Nc Nc Nc Nc Nc Nc 55 MHz 130 MHz 45 MHz
TA13 34 MHz 95 MHz 65 MHz 85 MHz 60 MHz 100 MHz 100 MHz 70 MHz 100 MHz 50 MHz 85 MHz 45 MHz
7A15A 34 MHz 75 MHz 70 MHz 55 MHz 75 MHz 75 MHz 80 MHz 60 MHz 80 MHz 45 MHz 70 MHz 40 MHz
7800 7A16A 34 MHz 160 MHz 110 MHz 75 MHz 100 MHz 170 MHz 85 MHz 165 MHz 55 MHz 130 MHz 45 MHz
FAMILY  7A18 34 MHz 85 MHz 80 MHz 60 MHz 85 MHz 85 MHz 75 MHz 65 MHz 90 MHz 45 MHz 70 MHz 40 MHz
7A19 Ne Nc Nc Nc Nc c Nc 400 MHz 400 MHz 320 MHz 95 MHz 360 MHz Nc Nec 50 MHz
7A22 1 MHz Nc¢ 1 MHz 1 MHz 1 MHz 1 MHz Nc 1 MHz 1 MHz 1 MHz
7A24 Nc Nc Nc Nc Ne¢ Nc Nc 300 MHz 300 MHz 270 MHz 90 MHz 280 MHz Nc Nc 45 MHz
7A26 34 MHz 145 MHz 105 MHz 75 MHz 100 MHz 150 MHz 85 MHz 155 MHz 55 MHz 125 MHz 45 MHz
7A11 Nc Nc Nc Nc Nc Nc Nc 55 MHz 125 MHz 45 MHz
7A13 34 MHz 100 MHz 65 MHz 85 MHz 65 MHz 70 MHz 100 MHz 70 MHz 100 MHz 50 MHz 85 MHz 40 MHz
7A15A 34 MHz 70 MHz 65 MHz 55 MHz 70 MHz 70 MHz 75 MHz 55 MHz 70 MHz 45 MHz 70 MHz 40 MHz
7704A 7A16A 34 MHz 145 MHz 115 MHz 75 MHz 100 MHz 160 MHz 80 MHz 150 MHz 55 MHz 125 MHz 45 MHz
7A18 34 MHz 75 MHz 70 MHz 60 MHz 75 MHz 75 MHz 75 MHz 60 MHz 75 MHz 45 MHz 70 MHz 40 MHz
TA19** Nc Nc Nc Nc Nc c Ne 250 MHz 250 MHz 220 MHz 85 MHz 215 MHz Nc Nc 45 MHz
TA22 1 MHz Nc 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz
7A24 Nc Nc Nc Nc Nc N¢ 200 MHz 200 MHz 185 MHz 80 MHz 180 MHz Nc Nc 45 MHz
7A26 34 MHz 140 MHz 105 MHz 75 MHz 100 MHz 160 MHz 80 MHz 140 MHz 55 MHz 115 MHz 45 MHz
7A11 Nc Nc Nec Nec Nc Nc Nc 50 MHz 85 MHz 40 MHz
7A13 34 MHz 75 MHz 55 MHz 60 MHz 55 MHz 70 MHz 70 MHz 75 MHz 55 MHz 45 MHz 70 MHz 40 MHz
7600 7A15A 34 MHz 60 MHz 55 MHz 50 MHz 60 MHz 60 MHz 65 MHz 50 MHz 40 MHz 60 MHz 35 MHz
FAMILY  7A16A 34 MHz 95 MHz 85 MHz 65 MHz 95 MHz 95 MHz 100 MHz 70 MHz 50 MHz 85 MHz 40 MHz
7A18 34 MHz 70 MHz 65 MHz 55 MHz 70 MHz 70 MHz 75 MHz 55 MHz 45 MHz 70 MHz 40 MHz
7A22 1 MHz Nc 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz
7A26 34 MHz 95 MHz 85 MHz 65 MHz 85 MHz 95 MHz 100 MHz 70 MHz 50 MHz 85 MHz 40 MHz
7A11 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz Nc Nc 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
TA13A 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz Nc Nc 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
7313 7A15A 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz Nc Nc 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
7A18 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz Nc Nc 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
TA22 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz Nc Nc 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz
*Note: The values in the above table represent the approximate useful If there is no bandpass specified the probe/plug-in combination is compatible
frequency response for the measurement systems at the probe tip. but not recommended.
** = Option 09 Mainframe
Nc = Not compatible
DIMENSIONS AND WEIGHTS 7000-SERIES MAINFRAMES AND PLUG-INS
7633, R7633,
7623A, | R7623A,

) ) 7603N | 7603N | 7613, | R7613, PLUG-INS
Dimensions 7904 R7903 7844 R7844 7834 7704A R7704 7603 R7603 | OPT 11S | OPT 11 7313 R7313 | SINGLE |DOUBLE
_—— in 13.5 5.3 12.9 7.0 13.6 13.6 7.0 11.4 5.25 11.5 11.5 12.0 5.25 5.0 5.0

el

9 cm 34.3 13.6 32.8 17.8 34.5 34.5 17.8 29.0 13.3 29.2 29.2 30.5 13.3 12.7 12.7
Width in 12.0 19.0 12.0 19.0 12.0 12.0 19.0 8.7 19.0 9.7 9.7 8.7 19.0 2.8 5.5
cm 30.5 48.3 30.5 48.3 30.5 30.5 48.3 22.1 48.3 24.6 24.6 21.2 48.3 7.1 14.0
Length in 23.3 22.8 23.8 24.8 23.2 22.7 22.4 24.0 24.7 25.2 23.5 23.5 22.3 14.5 14.5
cm 59.2 57.9 60.5 63.0 58.9 57.7 56.9 61.0 62.7 64.0 59.7 59.7 56.6 36.8 36.8
Weights (approx)
b 32 27 36 33 35.5 30 44 30 30 45 36 30 32 2 9
Net kg 14.5 12.2 16.3 15.0 16.1 13.6 20.0 13.6 13.6 20.4 16.3 13.6 14.5 0.9 4.1
Shipbi b 44 52 47 63 47 43 77 46 62 72 42 42 62 5 12
] in
b kg 20 236 | 213 | 285 | 213 | 195 | 350 208 | 28.2 327 | 190 | 19.0 | 282 2.3 5.4

R e N s A N

43



7000-Series Reference

SUMMARIZED CAMERA CHARACTERISTICS

LENS FILM BACKS
PRICE
FIELD OF VIEW with
PERFORMANCE (with 3.25 x 4.25 in back
FEATURES MAXIMUM Polaroid Film ORDI- OPTIONAL AND ordi-
RECOMMENDED AND RELATIVE RELATIVE except NARILY INTER- narily
CAMERA FOR BENEFITS APERTURE MAG SPEED* where noted) USED CHANGEABLE used
C-51 7904, R7903, Fastest writing speed f/1.2 0.5 3.0 8x10cm/ Polaroid Polaroid Pack $1460
7844, 7704A with 0.5 mag lens. 3.15x 3.93 in Roll and
4 x5in Graflok
C-53 All except General-purpose /1.9 0.85 1.0 8x10cm/ Polaroid Polaroid Roll $1200
7603 with 0.85 mag lens. 3.15x3.93 in Pack and
7603N11S 4 x 5 in Graflok
C-59 7603 General-purpose f/2.8 0.67 0.65 10.2 x12.7 cm/ Polaroid Polaroid Roll $730
7603N11S at low price. 4x5in Pack and
4 x5in Graflok
C-5B All Low cost. f/16 0.67 or 0.02 9.76 x12.2 cm Polaroid None $300
0.85 Pack
select-
able

*Relative light-gathering power.

Recommended Cameras and Adapters TEK Lab Cart Model 3

OSCILLOSCOPE RECOMMENDED CAMERA

Model 3 Lab Cart accepts all 7000-Series
7904, R7903, 7844, 7704A C-53 or C-51 Oscilloscopes. A lockable drawer for stor-
7633, 7623A, 7613, 7834 C-53 age and a movable shelf for additional
7603, 7603N Opt 11S C-59 instrumentation are included. The shelf

accepts TM 500 Test and Measurement
instruments, 5000-Series Oscilloscopes, or
400-Series Oscilloscopes.

C-50 Series Camera Adapter, Part Number 016-0249-03, included with camera.
For full details see camera section, page 225.

For full details see SCOPE-MOBILE® Cart
section, page 256.
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puaL m;{ BICRLDSCON

GRAT TEAM

44



7000-Series

Nonstorage
ainframes
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TEAq
DUAL-BEAM  OSGILLOSCOPE

7804
OSCHLOSCOPE

A high performance instrument system begins with
the basic oscilloscope building block — the 7000-
Series Mainframe. Each mainframe consists of a
cathode-ray tube, a power supply, electron beam
deflection systems, and the switching circuitry
necessary to integrate a versatile and complete
measurement system.

Choose from a variety of features, including band-
width, dual-beam, alphanumeric displays, rack-
mounting, and three- or four-plug-in flexibility:

7900 Series 500 MHz page 46
7800 Series 400 MHz page 48
7700 Series 200 MHz page 50
7600 Series 100 MHz page 52

the 7000 Series ... more than an oscilloscope




7904
R7903

500 MHz at 10 mV/div

1-GHz Direct-access Unit
(less than 4 V/div)

500 ps/div Fastest
Calibrated Sweep Rate

Greater than 15 cm/ns Enhanced
Writing Speed

Crt Readout
Over 30 Compatible Plug-ins
900-MHz FET Probe Available

The 7904 and 5% in rackmount R7903 are
the widest real-time-bandwidth, general-
purpose oscilloscopes available today. The
7A19 Amplifier/7904 Mainframe attains 500
MHz at 10 mV. A 7A19 variable delay option
allows for the matching of signal transit
times of two plug-ins and their probes to
better than 50 ps.

The P6201 1X FET probe gives you high
impedance and wide bandwidth. It has a
900-MHz bandwidth by itself, and in com-
bination with the 7A19/7904, it provides a
system bandwidth of 450 MHz at 10 mV.

The crt, the major contributor to the per-
formance of the 7904 and R7903, has excel-
lent visual brightness and an 8 x 10 cm
display area. The C-51R Camera, Writing
Speed Enhancer, 10,000 ASA film and P11
phosphor can produce writing speeds of at
least 9 cm/ns. Speeds up to 15 cm/ns are
possible when an optional max-brightness
crt with a 4 x 5 cm display area is used.
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7000-Series 500-MHz General-Purpose Oscilloscopes

7904
OSCILLOSCOPE

BIGHT

7904 and R7903 — VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments;
compatible with all 7000-Series Plug-ins. Bandwidth
determined by mainframe and plug-in unit.

Modes of Operation — LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — Repetition rate is approx 1 MHz.

Trace Separation Range (Dual-sweep Modes) — The
B trace can be positioned 4 divisions above or below
the A trace (7904 only).

Delay Line — Permits viewing leading edge of dis-
played waveform when using 7B80 and 7B90 Series
Time Bases. 7B50 Series not recommended.

7904 — HORIZONTAL SYSTEM

Channels — Two right-hand plug-in compartments;
compatible with time bases of the 7B80 and 7B90
Series. 7000-Series Vertical Amplifiers and specialized
plug-ins may also be used.

Fastest Calibrated Sweep Rate — 500 ps/div with the
7B92A.

Chopped Mode — Repetition rate is approx 200 kHz.

X-Y Mode — Phase shift is within 2° from dc to 85
kHz without phase correction (dc to 1 MHz with phase
correction, Option 02) between vertical and horizontal
channels. Bandwidth is dc to at least 1 MHz.

R7903 — HORIZONTAL SYSTEM

Single Channel — Right-hand plug-in compartment
compatible with time bases of 7B80 and 7B90 Series.
7000-Series Vertical Amplifiers and specialized plug-
ins may also be used.

Fastest Calibrated Sweep Rate — 500 ps/div with the
7B92A.

7904 and R7903
CRT AND DISPLAY FEATURES

Standard — Internal 8 x 10 cm graticule with variable
illumination. Accelerating potential is 24 kV with P31
phosphor standard.

Option 01, without Crt Readout — No crt readout.

Option 04, Max Brightness Crt With Reduced Area —
Internal 4 x 5 cm graticule with variable illumination.
Accelerating potential is 24 kV. P11 phosphor provides
max writing rate. This provides extremely high photo-
graphic and information writing speed and increases
the visibility of low-rep-rate, high-speed signals.

Option 78, P11 Phosphor — No charge.

Option 10, Pulsed Graticule (R7903 Only) — Provides
a means of pulsing the graticule lights at a preset
level coincident with a single-shot event in one ex-
posure. The graticule lights may be pulsed by the
event, an external ground closure, or a front panel
pushbutton. If the mainframe is equipped with ecrt
readout, Option 10 provides additional controls and
inputs for crt readout pulsed operation.



The R7903 requires only 5% in of rack height in a
standard 19 in rack. It is fan-cooled and comes com-
plete with slide-out chassis tracks.

Min Photographic Writing Speed (Using Polaroid Film
without Film Fogging) — Can be increased by using
the TEKTRONIX Writing Speed Enhancer. In typical
applications P31 phosphor has approx one-half the
writing speed of P11 phosphor.

Crt Writing Speed cm/ns | Camera Lens
P11
Type 410 | Type 47
Standard 6.1 3.1 C-51R f/1.2
8 x 10 cm 1:0.56
Option 04 10.0 5.0 C-51R f/1.2
4x5cm 1:0.5

The following table lists the approx relative writing
speed of three types of Polaroid film and the gains
that can be achieved by controlled fogging with the
Writing Speed Enhancer. See chart on page 48 for
further information.

Polaroid Approx Relative
Film Writing Speed
ASA
Equivalent
Type Speed Unfogged Fogged
Print Print Print
viewed viewed viewed
with with with
front back front
illum- illum- illum-
ination ination | ination*
107 3000 1 Print base 3
(Reference)| is opaque
47 3000 1 1.2 3
410 10,000 2 22—2.4 4

*Viewing a fogged print with back illumination does
not increase the apparent writing speed.

Autofocus — Reduces the need for additional manual
focusing with changes in intensity after focus control
has been set.

Beam Finder — Limits display within graticule area.

External Z-Axis Input— 2 V p-p for full intensity
range. A positive signal blanks the trace. Max input
voltage is 15 V (dc -+ peak ac) and p-p ac. Input is
dc coupled.

7904 — CALIBRATOR

Output Waveshape — Rectangu[ar positive-going from
ground, 1 kHz (*=0.25%), dc or B Gate — 2.

Voltage Ranges — 4 mV, 40 mV, 0.4 V, 4 V, 40 V into

an open circuit; 2 mV, 20 mV, 0.2 V, 0.4 V into 50 Q
(+=1%).

Current Output — 40 mA dc or 1 kHz.

R7903 — CALIBRATOR
(Not Available with Option 10)

Output Waveshape — Rectangular positive-going from
ground, 1 kHz (%=0.25%).

Voltage Ranges — 4 mV, 40 mV, 0.4 V, 4 V into an
open circuit; 4 mV, 40 mV, 0.4 V into 50 2 (*1%).

Current Output — 40 mA rectangular waveshape with
optional current-loop accessory (012-0341-00) con-
nected to calibrator output. Output R is 450 .

7904 and R7903 500 MHz Oscilloscopes

7904 — OUTPUTS/INPUTS

-+ Sawtooth — Sawtooth starts 1 V or less from ground
(into 1 MQ). Internally selectable from A or B hori-
zontal. Output voltage is 50 mV/div (=5%) into 50 @,
1 V/div (210%) into 1 MQ. Output R is approx 950 .

-+ GATE — Positive-going rectangular waveform de-
rived from A, B, or Delayed Gate, internally selectable
QOutput voltage is 0.5 V (*10%) into 50 @, 10 V
(=10%) into 1 MQ. Rise time is 5 ns or less into 50 ;
output R is approx 950 Q.

Sig Out — Selected by B TRIGGER SOURCE switch.
Output voltage is 25 mV/div (=10%) into 50 2, 0.5
V/div (=10%) into 1 MQ. Bandwidth depends upon
vertical plug-in. See the Vertical System Specifications
Chart. Output R is approx 950 €.

Camera Power — Three-prong connector to the left of
the crt provides power, ground, and remote single-
sweep reset access for C-50-Series Cameras.

Probe Power — Two rear-panel connectors provide
correct operating voltages for two active probes.

R7903 — OUTPUTS/INPUTS
(Standard)

-}-Sawtooth — Sawtooth starts 1 V or less from ground
(into 1 MQ). Output voltage is 50 mV/div (=15%) into
50 ©, 1 V/div (£10%) into 1 M. Output R is approx
950 Q.

- Gate — Positive-going rectangular waveform de-
rived from Main or Auxiliary Gate. Output voltage 0.5
V (*£10%) into 50 Q2. 10 V (££10%) into 1 MQ. Rise time
is 7 ns or less into 50 2. Output R is approx 950 .

Sig Out — Selected by TRIGGER SOURCE switches.
Output voltage is 25 mV/div (*=10%) into 50 @, 0.5
V/div (£10%) into 1 MQ. Bandwidth depends on the
vertical plug-in. See the Vertical System Specifications
Chart. Output R is approx 950 (.

Single-sweep Ready Indicator — -{-5 V, rear panel
BNC output, for single-sweep ready indication.

External Single-sweep Reset — Ground closure, rear
panel BNC, provides input to reset sweep.

Crt Readout, Inhibit — Ground closure, rear panel
BNC input locks out crt readout. Not available with
Option 10.

Crt Readout, Single-shot — Ground closure, rear panel
BNC input initiates one frame of crt readout. Not
available with Option 10 separately, but in combina-
tion with the pulsed graticule input.

Camera Power — Three-prong connector to the left of
the crt provides power, ground, and remote single
sweep reset access for C-50-Series Cameras.

Probe Power — Two front-panel connectors provide
correct operating voltages for two active probes. Not
available for R7903 Option 10.

R7903 — OUTPUTS/INPUTS OPTIONS

Option 10, Pulsed Graticule — No crt readout single-
shot input, crt readout inhibit input, calibrator, and
probe power. Single-shot graticule and crt readout
(ground closure) rear-panel BNC input is added. Initi-
ates one frame of crt readout and pulses graticule. Crt
readout inputs are not functional with Option 01.

POWER REQUIREMENTS

7904 Power Requirements — Line voltage ranges, 90
to 132 V ac and 180 to 264 V ac. Line frequency, 48 to
440 Hz. Max power consumption, 190 W, 2.5 A at 115
V line, 60 Hz.

R7903 Power Requirements — Line voltage ranges, 90
to 132 V ac and 180 to 264 V ac. Line frequency, 48
to 440 Hz. Max power consumption, 160 W, 2 A at 115
V line, 60 Hz.

7904 Included Accessories — Test adapter (012-0092-
00); two 18 in test leads (012-0087-00); 9-pin cable-
mount plug (134-0049-00).

R7903 Included Accessories — Test adapter (012-
0092-00); two 18 in test leads (012-0087-00); rack-
mounting hardware.

Dimensions and Weights — See page 43.

For Recommended Cameras — See page 44.

7904 ORDERING INFORMATION
(Plug-ins not Included)

7904 Oscilloscope ............... $5250
7904 OPTIONS

Option 01 without Crt Readout............ Sub $400
Option 02 X-Y Horiz Comp .............. Add $150
Option 03 Emi Modification .............. Add $250
Option 04 Max Brightness Crt With Reduced

Area (Specify Phosphor) ....... Add $500
Option 78 P11 Phosphor ............... No charge

7904 CONVERSION KITS

040-0605-03 Crt Readout .................. $480
040-0606-00 X-Y HorizComp ............... $200
040-0570-00 Emi Modification .............. $300

R7903 ORDERING INFORMATION
(Plug-ins not Included)

R7903 Oscilloscope ............. $4750
R7903 OPTIONS

Option 01 without Crt Readout............ Sub $400
Option 03 Emi Modification ............. Add $250
Option 04 Max Brightness Crt With Reduced

Area (Specify Phosphor) ....... Add $500
Option 10 Pulsed Graticule .............. Add $100
Option 78 P11 Phosphor ............... No charge

R7903 CONVERSION KITS
040-0605-03 Crt Readout .................. $480
040-0647-00 Emi Modification ............. $280
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7844
R7844

400-MHz Bandwidth

Dual Beam

Full Vertical Crossover Switching
8 x 10 cm Full Scan Overlap Crt
Crt Readout

1 ns/div Max Calibrated Sweep

1-GHz Direct-access Unit
(less than 4 V/div)

The 7844 and 7 inch rackmount R7844 are
wide bandwidth, dual-beam oscilloscopes
designed primarily for fast, single-shot
events. Unique features such as pulsed
graticule and pulsed crt readout allow you
to photograph vertical and horizontal scale
factors, test date, test number, and other
pertinent data before or after an event. Ver-
tical signal crossover switching permits you
to view a single event from a single probe at
two sweep speeds.

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments;
compatible with all 7000-Series Plug-ins. Bandwidth
determined by mainframe and plug-in unit.

Display Logic —

Beam 1 Beam 2
Vertical Compartment Left Left
Controlling Beam Left Right

Right Left

Right Right

Vertical Crossover — Permits viewing the same signal
on two time bases.

Vertical Trace Separation — Beam 1 can be posi-
tioned =4 cm with respect to Beam 2.

Delay Line — Permits viewing leading edge of dis-
played waveform when using 7B80 and 7B90 Series
Time Bases; not compatible with 7B50 Series.

HORIZONTAL SYSTEM

Channels — Two right-hand plug-in compartments;
compatible with time bases of the 7B80 and 7B90
Series. 7000-Series Vertical Amplifiers and specialized
plug-ins may also be used. 7B53AN11 requires modi-
fication for use in the 7844.

Fastest Calibrated Sweep Rate — 1 ns/div.
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T Ry

X-Y Mode — Phase shift is within 2° from dc to 50
kHz.

Bandwidth — Dc to at least 1 MHz.

Horizontal Separation — Beam 1 can be positioned at
least 0.25 cm to the right and at least 0.25 ¢m to the
left of Beam 2 with a total 2 cm range.

Display Logic —
Beam 1 Beam 2
A Horizontal A Horizontal
A Horizontal B Horizontal
B Horizontal A Horizontal
B Horizontal B Horizontal

CRT AND DISPLAY FEATURES

Crt — Dual beam, full overlap. 8 x 10 cm graticule
with variable illumination. Crt readout intensity is
adjustable with front-panel control. Accelerating po-
tential is 24 kV with P31 phosphor standard.

Option 78, P11 Phosphor — No charge.

Autofocus — Reduces the need for additional manual
focusing with changes in intensity after focus control
has been set.

Beam Finder (Beam 1 and Beam 2, Independent Con-
trols) — Limits display within graticule area and in-
tensifies beam.

External Z-Axis Input (Beam 1 and Beam 2) —2 V
p-p for full intensity range. A positive signal blanks the
trace. Max input voltage is 15 V (dc + peak ac) and
p-p ac. Input is dc coupled.

. . 7aan
 DUAL-BEAM  OSCILLOSCOPE

Minimum Photographic Writing Speed — 1.7 cm/ns
using Polaroid type 47 film, C-51R and optional P11
phosphor. In typical camera applications, P31 phos-
phor has about one-half the writing speed of P11
phosphor. Writing speed can be increased by using
the TEKTRONIX Writing Speed Enhancer or Polaroid
type 410 film or both.

The following table lists the approx relative writing
speed of three types of Polaroid film and the gains
that can be achieved by controlled fogging with the
Writing Speed Enhancer.

Polaroid Actual Relative Film
Film Writing Speed
ASA
Equivalent
Type Speed Unfogged Fogged
Print Print Print
viewed viewed viewed
with with with
front back front
illum- illum- illum-
ination ination | ination*
107 3000 1 Print base 3
(Reference) | is opaque
47 3000 1 1.2 3
410 10,000 2 22—24 4

*Viewing a fogged print with back illumination does
not increase the apparent writing speed.

The Photographic Writing Speed Enhancer (Opt 22)
provides a preset automatic method of photographic
writing speed enhancement. Opt 22 is recommended
for writing speed enhancement when a camera with
a writing speed enhancer is not available. With Opt
22, photographic writing speed can be increased
approx 2 times.



PULSED READOUT AND
GRATICULE ILLUMINATION

Provides a means of pulsing the graticule lights or crt
readout at a preset level, coincident with a single-shot
event in one exposure. The graticule lights or crt
readout can be pulsed by the event, an external
ground closure, or front-panel pushbutton.

CALIBRATOR

Calibrator — Rectangular positive-going waveform
from ground, 1 kHz (*0.25%).

Voltage Ranges — 4 mV, 40 mV, 0.4 V, 4 V (=1%)
into an open circuit; 0.4 mV, 4 mV, 40 mV, 0.4 \
(*=1%) into 50 9.

Current Output — 40 mA (*1%) rectangular wave-
shape, front panel current loop 7844, optional current
loop adapter (012-0341-00) required for R7844.

OUTPUTS/INPUTS

A and B -+ Sawtooth — Sawtooth starts 1 V or less
from ground (into 1 MQ). Output voltage is 50 mV/div
(=15%) into 50 2, 1 V/div (=10%) into 1 MQ. Output
R is approx 950 2.

A and B |+ Gate — Positive-going rectangular wave-
form derived from Main or Delayed Gate. Output volt-
age 0.5 V (=10%) into 50 2. 10 V (£10%) into 1 MQ.
Rise time is 5 ns or less into 50 2. Output R is approx
950 Q.

Single-sweep Ready Indicator — +5 V, rear panel
BNC output, for single-sweep ready indication.

External Single-sweep Reset — Ground closure, rear
panel BNC, provides input to reset sweeps.

Camera Power — Three-prong connector to the left of
the crt provides power, ground, and remote single-
sweep reset access for C-50-Series Cameras.

Probe Power — Two connectors provide correct oper-
ating voltages for two active probes.

POWER REQUIREMENTS

Line Voltage Ranges — Selectable 115 V nominal
(90-132 V), 230 V nominal (180-264 V).

Line Frequency — 48 to 440 Hz.

Max Power Consumption — 235 W, 2.9 A at 60 Hz 115
V line.

INCLUDED ACCESSORIES

R7844 — 1 rackmount hardware kit, 1 rackmount slide
guide (351-0314-00).

Dimensions and Weights — See page 43.

For Recommended Cameras — See page 44.

ORDERING INFORMATION
(Plug-ins not Included)

7844 Oscilloscope ................ $7650
R7844 Oscilloscope . .............. $7950
OPTIONS
Option 03 Emi Modification ............. Add $250

Option 22 Writing Speed Enhancer
Modification ............ .. i Add $275
Option 78 P11 Phosphor ................ No charge

7844 and R7844 Dual-Beam Oscilloscopes
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The above graph shows the relationship of
writing speed to practical measurement
parameters of signal amplitude and fre-
quency or rise time.
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