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Genera! Iriformation

SECTION |
GENERAL INFORMATION

1-1. INTRODYCTION.

1-2. This Operating and Service Manual contains
information required to. instull, operate, test, adjust, and
gervice the HY Model 1345A Digital Display.

1-3. tisted on the title page of this manual is a
Microfiche part number. This number can be used to
order 4- hy 6-inch microfilm transparencies of the
manuai. Lach microfiche contair-s up to 96 photodupli-
caies of the manual pages. The microfiche package also
iricludes the latest Manual Changes supplement.

1-4. SPECIFICATIONS.

1-5. Instrument specifications are listed in table 1-1. These
specifications are the performance standards or limits
against which the instrument is tested. Table 1-3 lists
supplemental characteristics. Supplemental character-
istics are not specifications but are typical character-
istics included as additional information for the user.

1-6. SAFETY CONSIDERATIONS.

WARNING §
To prevent personal injury, observe all

safety precautions and warnings stated on
the instrument and in this manual.

1-7. This product is a Safety Class 1 instrument. Review
the instrument and manual for safety markings and
instructions betore operation. Specific warnings, cautions,
and instructions are placed wherever applicable
throughout this manuval. Refer to the Safety Summary in
the front of this manual and toSectionsI1, V, and VIII for
further safety precautions. These precautions must be
observed during all phases of operation, service, and
repair of this instrument. Failure to comply with these
precautions or with specific warninge elsewhere in this
manual violates safety standard of design, manufacture,
and intended use of this instrument. Hewlett-Packard
assumes no liability for the customer’s failure to comply
with these requirements.

1.8. INSTRUMENTS COVERED BY MANUAL.

1-9. Attached to the instrument is a serial number tag.
The serial number is in the form: 0000A00000. It is in two
parts; the first four digits and the letter are the serial
prefix, and the last five digits are the suffix. The prefix is
the same for all identical instruments. The suffix,

H

however, is assigned sequentially and s different for
each instrument. The contents of this manual apply to
instruments with the serial number prefix(es) listed
under SERIAL NUMBERS on the title page.

1-10. An instrument manufactured after the printing of
this manual may have a serial number prefix that is not
listed on the title page. This unlisted serial number prefix
indicates that the instrument is different frora those
described in this manual. The manual for this newer
instrument 18 accompanied by a Manual Changes supple-
ment. This suj nlement contains “change information” that
explains how to adapt the manual to the newer instrument.

1-11. In addition to change info:rmation, ‘he supplement
may contain information for correcting errors in the
manual. To keep this manusl as current and accurate as
possible, Hewlett-Packard recommends that you peri-
odically request the latest Manual Changes supplement.
The supplement for this manual is identified with the
manual print date and part number, both of which appear
on the manual title page. Complimentary copies of the
suppiement are available from Hewlett-Packard.

1-12. For information concerning a serial number
prefix that is i:ot listed on the title page orin the Manval
Changes supplement, contact vour nearest Hewlett-
Packard otfice.

1-13. DESCRIPTION.

1-14. The Hewlett-Packard Model 11345A 1s a 15.24 em
(6 in.) Isplay Component. It produces vector graph.cs on
its display screen in response to digital commands from a
user pr¢ ressor. Because of its high resolution (2048 x 2048
addressable points), the 1345A can draw both straight
and curved lines (curvilinear vectors). Curved hines can
be accomplished by a series of short straight vectors. 1'he
1345A draws all vectors in a picture by moving its
display beam at the same speed. This constant writing
rate ensures a picture of uniform brightness (short
vectors do not become brighter than long vectors).
Erasing a waveform that intersects other waveforms
(vectors) will not leave blank spaces at the intersections.
Ai its faster drawing rate, and at 60 Hz refresh rate, the
1345A can draw a picture that contains up to 3226 inches
of vectors. If the refresh rate is slowed to 40 Hz (possible
in some applications), then the picture can contain up to
4838 inches of vectors. For labeling or identification of
soft-key functions, the 1345A has a built-in set of ASCII
characters. The 1345A receives just one word from the
user precessor and all the vectors necessary to form the
~haracter are automatically produced.
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Model 1345A

Table 1-1. Specifications

INTERFACE

Goneral: 16-bit TTL binairy with 2-wire handshake
(Option 704: 3-wire handshake), unterminated.

Connector: 26-pin male Anslzy type 603-2627.

Recommended M=2ting Connector: 26-pin female
Ansley type 609-2630 witl: strain relief Ansley type
609-2631. Recommended cable length < 2 feet.
(Note: See Option 325 “or mating data cables).

ANALOG OUTPUTS
General: {, Y, and 7 analog signal!s to drive a slave
CRT display.
Ampiitude: approximately 1V p-p open circuit.
Output impedance:
X,Y: 340 ohms ~ ~minal.
Z: 250 ohms nominal.
Polarity:
X — Positivegoing voltage corresponds to right
beam movement.
Y — Positive-going voltage corresponds to upward
beam movement.
Z — Positive-gning voltage corresponds to in-
crezsing luminance.

POWER REQUIREMENTS

Rocommended bandwidth of slave display:
X,Y Axie: > 3 MHz
Z Axis: 2 10 MHz

Recommended mating connector: Molex 22-01-1023
(See option 323 for factory supplied X-Y-Z output
cables)

DISPLAYED IMAGE

Image Size: Factory adjusted to approximately 8.5
cm (3.35 i1n) vertically by 11.5 em (4.53 in.)
horizontally.

Resolution: Addressable; 2048 by 2048.

Vigible (shrinking ravter): <196 lines vertically by 266
lines horizontally (fuli scale).

Geometric distortion: < 2.4 mm error in addressing
any location within the image area due to
geometric distortions and no1:linearitvin CRT and
stroke gen arator.

Repeatabllity: < 0.5 mm position variation in re-
addressing any point.

Refresh rate (Option 704): approximately 6C Hz for
displayed images containing up to 2000 vectors
each 3.3 cm long and 100 characters, at maximum
programmable writing speed (approximately 0.5
cm/ usec).

Phasphor: P31 (green).

Operating Voliages Max Curreni
Max P-P Rippie
Voltage Tolerance Standard Option 704
+15VDC +5% 10mV 1.06A 1.05A
~15VDC +5% 10mV 0.3A 0.3A
+5VD(C +5 -0% 50mV 0.75A 1.8A
Recommended Mating Connector: AMP type 1-350234-9
Note: See Option 323 for :nating power cable.
Table 1-2. 1345A Functions
GRAPHIC FUNCTIONS
CHARACTERS
Character Sets: 128 Character ANSI ASCII Set 0
HP 9825/9826 Special Keyboard Symbols
8izes: Four Sizes;
Character Size
Sizes Characters/Line No of Lines
Graphic Units MM(approx)
1.0X 56 28 24 X 36 1.3X1.5
1.6X 37 18 36 X 54 2.0X 2.2
2.0X 28 14 48 X 72 2.6 X 3.0
2.5X 22 12 60 X 90 3.3 X3.7
| | .
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General Information

Table 1-2. 1345A Fuactions (Cont'd)

 ———— N ——— | ——

Orientatione: 0, 90, 180, 270 degrees CCW relative to.
horizontal

VECTORS

Line Types.
Solid Line
Solid line with intensifiea end points
Short dashed line
Long dashed line
Dots at end points only

Velocity:

Four Beam Velocities:
approximately 0.13 cm/ usec
aprroximately 0.25 cm/ usec
approy:mately 0.38 cm/ usec
approximately 0.51 cm/ usec

Brightness: Three visible brightness levels plus blank
(beam off'. Maximum brightness is approximately
170 cd/m” at slowest programmable writing speed
(approximately (.13 cm/usec and 60 Hz refresh rate).

PLOTTING

Plotting Modes: Plot absolute and Graph

Beam Control: The beam may be turned on or off while
piotting.

GRAPH GENERATION

Tick Marks: X-and Y-axis tick marks of four selectable
lengths.

Graph Mode: Allows generation of graphs which
have a constant X-increment between points by
storing the X-increment once, requiring only new
values for succeedinyg points.

SELF TEST

Self Test is invoked by disconnecting tiie I/ con-
nector with power applied. The Test Pattern veri-
fies that the 1345A is fully operational and provides
necctissary stimulus for routine calibration.
Alternate Test Pattern, invoked by internal jumper
change, verifies performance specifications and
allows calibration of focus and astigmatism adjust-
raents.

Table 1-3. Supplementul Characteristics

OPERATING ENVIRONMENMT
Temperature: (operating) 0° C to +65° C (+32° F to
+149° F)
NOTE
The 65° C (+149° F) temperature specifica-
tion reflects the maximum allowable
operating temperature with the 1345A
enclosed, 1.0t the ambient temperature of
the system housing. It is recommended
that a minimum of 0.28m’/min (10
ft°/min) of air flow is forced around the
instrument to ensure that the maximum
operating temperature of 65° C (+149° F)
18 not exeeded.

Temperature (non-operating): -40° C to +75° € (-=40°
F to +167° F).

Humidity: to 95% relative humidity up o +40° C
(+104° F).

Aititude: (operating) to 4600 m, (15,000 tt.); (non-
operating) to 15,300 m, (56,000 ft.).

Shock: 30 G peak level with 11 ms duration and 1/2
sinewave shape.

Vibration: vibrated in three planes for 15 min. 2ach
with 0.38 mm (.0! in.) excursion, 10 to 55 Hz.

Dimensions: Refer to outline drawing Figure 1. 8.

Weight: Net: approximately 4.4kg. (10 1b).

Shipping: approximately 5.8kg. (13 1b).

Bezel: Compatible with HP 197B camera equipped
with 10375A adapter (order 197B option 006).
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rigure 1-2. Ambient Temperature Measurement




General Information

1-18. ACCESSORIES SUPPLIED.

»-16. The following accessories are supplied with the
1345A:

One Operating and Service Manual.
1-17. OPTIONS.

1-18. Standard options are modifications installed on
HP instruments at the factory and are available on
request. Table -4 lists available options for the 1345A.

1-19. OPTION 001.

1-20. Option 001 provides all the necessary materials
for external Focus and Intensity control. The cables
between the Stroke Generator Board and the Focus and
Intensity pots are 60.9 cm (24 in.) iong.

1-21. Focus and intensity may be controlied from the
front panel if external controls are added. Connectors
are provided on the Stroke Generator Board (A1) for
adding the controls. The External Intensity Control
potentiometer should have a value of 1K ohm and the
Focus Control potentiometer should have a value of 5K
ohms. The potentiometers should have a tolerance of no
greater than 10%, should be lirear tapered and a
wattage rating of > 1 W. The external control con-
nections should be made according to the schematics in
figures 1-4 and 1-5.

Model 1345A

Table 1-4. Standard Options

Option

Description

001

323

325

500

564

704

910

Provides external Focus and Intensity
controls, P/N 01345-69501.

This option supplies X-Y-Z output cables
for an external display. The cables are
61 cm (24 in.) long, P/N 01345-69502.

Provides a dc power inpnt cable and an
1/0 interface cable. The cables are 91.5 cm
(36 in.) long, P/N 01345-69503.

This option deletes Operating and Service
manual.

Provides a blue contrast filter in place of the
standard neutral density filter.

This option adds 4K x 16-bit Vector
Memory (see Service Sheet 6).

This option provides an extra Operating
end Service Manual.

Figure 1-3. Option 001 Cable Detail
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Figure 1-7. Cable Assembly Option 325
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1-22. OPTION 323.

1-23. Option 323 provides output cables for the X-Y-Z
outputs. The cables are 60.9 cm (24 in.) long and are
ready to connect to the X-Y-Z outputs on the Stroke
Generator Board (Al). The other end of the cables have
stripped ends for connection to the user’s circuit.

1-24. The X-Y-Z outputs can drive another peripheral
such as a large screen display. In order to reproduce the
high resolution display of the 1345A, the added
peripheral should have a bandwidth of 5 MHz or
greater. The open circuit amplitude of the X and Y axis
output signals range from 0 to 1V from a source
impedance of approximately 340 ohms. The Z axis cpen
circuit amplitude is the same, however the source
impedance i8 apy “ximately 250 ohms. These output
circuits are designe. ‘or use with Hewlett-Packard larye
screen displays with 10K ohm input impedances. These
outputs cannot drive impedances less than 600 ohms. It
is recommeded that shielded cable be used between the
X-Y-Z outputs and the peripheral. The outer conductor of
the cable should be grounded at each end. Corinect the X-
Y-Z outputs according to the following table.

X OUTPUT — A1d5
Y OUTPUT — Al1J4
Z OUTPUT - Al1J3

1-25. A two pin female metric post type connector

General Information

(Molex 22-01-1023 or equivalent) isrequired tom. _te with
the X-Y-Z output connectors. If the X-Y-Z output cables
used are icnger than 67 cin (24 in.) then driver amplifiers
with the following characteristics must be designed:

BANDWIDTH: 50MHz (7 ns rise time with 1% per-
tubation).

SETTLING TIME: 100 ns

INPUT IMPEDANCE: 10K chimns.

OUTPUT IMPEDANCE: 50 ohms.

OUTPUT VOLTAGE: 0 Vdec to 1 Vdc into 50 ohms.
1-26. OPTION 325.

1-27. This option provides a C power input cable and
an 1/0 interface cable with connecto.s that interface
with the 1345A. The cables are 91.4 cm (36 ir.) lcng and
have stripped ends on the other end for connection to the
user’s circuit. The I/Ointerface cable should be trimmed
for the maximum recommended lengtn of < 60.9 cm (24
in.) prior to installaiion.

1-28. RECOMMENDED TEST EQUIPMEN".

1-29. Equipment required to test and maintain the
1345A is listed in table 1-5. Other equipment mav be
substituted if it meets or exceeds the cntical apeci-
fications listed in the table.

Table 1-5. Recommended Tes: Equipment

INSTRUMENT RECONMENDED REQUIRED
TYPE MODEL REQUIRED CHARACTERISTICS FOR:
MONITOR HP Model 1740A Bandwidth: 100MHz Adjustment
OSCILLOSCOPE Input Z: 50 ohms and 1M ohm shunted |
by approximately 20pf |
DIGITAL HP Model 3466 A Voltage Rating: -15V to +250V Adjustment
VOLTMETER Accuracy: 0.1%
Input Resistance: 16M ohm
1000:1 HP Mode1 34111A Voltage Rating: 12KV Ad)ustment
DIVIDER PROBE
10:1 DIVIDER HP Model 10041 A Input Resistance: 1M ohm Adjustment
PROBE (Qty2) (supolied with shunted by approximately 12pf
HP 1udel 1740A)
POWER SUPPLY CONVERTER CONCEPTS| Output Voltage: +5V at 3.0A Performance
Model VST 25-37-01-1000 +15V at 1.2A Checks and
-15V at 0.3A Adjustment R

Note: CONVERTER CONCEPTS
435 Main Street |
Pardeeville, WI 53954, USA

Outside U.S.A. contact Factory Product Support
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Installation

SECTION Ii
INSTALLATION

2-1. INTRODUCTION.

2-2. This section provides installation instructions for
the Model 1345A Digital Display. It also contains
detailed mechanical information, location of center of
gravity, suggested mounting configurations, and
temperature considerations for the Model 1345A. This
section also includes information about initial
inspection and damage claims, preparation for use
storage and shipment.

2-3. INITIAL INSPECTION.

2-4. Inspect the shipping container for damage. If the
shipping container or cushioning material is damaged,
it should be kept until the contents of the shipment have
been checked for completeness and the instrument has
been checked mechanically and electrically. The
contents of the shipment should be as listed in the
‘““Accessories Supplied”’ paragraph in section I.
Procedures for checking electrical performance are
given in Section IV If the contents are incomplete, if
there is mechanical damage or defect, or if the
instrument does not pass the Performance Tests, notify
the nearest Hewlett-Packard office. If the shipping
container is damaged, or the cushioning material shows
signs of stress, notify the carrier as well as the Hewlett-
Packard office. Keep the shipping material for carrier’s
inspection. The HP office will arrange for repair or
replacement at HP option without waiting for claim
settlement.

2-5. PREPARATION FOR USE.

Read the Safety Summary in the front of this
manual and the “Safety Considerations”
paragraph in Section I before installing or
operating this ‘nstrument.

@ @ +15VDC  20AT

RETURN-— @® @ -15VDC 1.0 A

g.. ® +5VDC 5.0A

J’T-——r’_‘l—f‘
T O 0
e e O o

2-6. POWER REQUIREMENTS.

2-7. The 1345A requires the following power supplies
for proper operation:

+15Vdc +5% regulated, 1.05A, <10 mV p-p ripple
+5Vdc +5% -0% regulated, 0.75A, <50 mV p-p ripple
-15Vdc 5% regulated, 0.3A, <10 mV p-p ripple

NOTE:
When the 1345A is equipped with Option 704
(Vector Memory), current requirements for
the +5V supply are 1.8A.

2-8. POWER CONNECTOR.

2-9. A 6 Pin connector (Amp 1-350241-9 or equivalent)
18 required to mate with the rear panel power connector.

2-10. 1I/O CONNECTOR.

2-11. A 26 pin connector (ANSLEY 609-2630 or
equivalent) is required to mate with the rear panel
connector. The connector is wired according to figure
2-2. The MAXIMUM recommended length of this
connector cable is < 60.9 cm (2 ft.) in length.

The data tranfer rate is controlled by the 1345A and the
user processor. The length of each vector influences the
rate. The 1345A requires approximately 1.5 to 100
microseconds to process and draw each vector.

2-12. ANALOG OUTPUTS (X,-Y,-2).

2-13. The purpose of the Analog Output jacks on the X-
Y-Z/STROKE GENERATOR (A1) board is to connect
an external X-Y-Z Display. The output signals can drive
1 V p-p into a nominal 340 ohm X or Y load and a
nominal 250 chim Z load. The bandwidth of the external
X-Y-Z display should be at least 3 MHz or greater for the

Figure 2-1. Power Connection for 1345A
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Figure 2-2. 1345A I/0 Connector

X, Y Axis and 10 MHz or greater for the Z Axis. The
interface cables should not exceed 1.83 m (6 ft.) in length.
Use the following table for interfacing:

2-14. OPERATING ENVIRONMENT.

2-15. Temperature. The instrument may be operated in
temperatures from 0° C to +656° C.(+32° F to +149° F).

Installation Model 1345A
[ NOTE:
BOARD The +65° C (+149° F) temperature specifi-
cation reflects the maximum allowable .
SYN| D15 020 operating temperature with the 1345A
LRD | ixAck O 340 enclosed, not the ambient temperature of the
system bousing. It is recommended that a
LDS | N/C O 50 minimum of 0.28m’/min (10ft>/min) of air
DISCONNECT SENSE | LRFD O 780 flow is forced around the instrument to
DAV/LWR O o ensure that the maximum operating
D14 | LDAV/L 210 temperature of +65° C (+149° F) is not
D12 | D13 OnnuQ exeeded.
D16 | D11 0110 Figure 2-3 (Point A) shows the recommended point
Do8 | D@9 015160 where the ambient temperature measurement should be
made. The surface temperature at points “B” in figure
17 18
D8 | o7 O O 2-3 may typically be +50° C (+122° F) or more above the
D04 | DE5 Q11200 ambient temperature. It is recommended that heat-
Oz 20 sensitive devices or circuits not be placed in close
D02 | D03 proximity to these points.
Do | Do Q2240
2-16. Humidity. The instrument may be operated in
GND GND Oz%0 environments with humidity up to 95%. However, the
| instrument should also be protected from temprrature
— —1 extremes which cause condensation within the

instrument.

2-17. Altitude. The instrument may be operated at
altitudes up to 4600 m (15,000 ft.).

2-18. MECHANICAL CONSIDERATIONS.

levels greater than those shown in tables 2-1 and 2-2
then the instrument must be mounted to attenuate the
applied shock and vibrations. For other shock
amplitude or duration, the product of amplitude and
duration must not be greater than the integral of 30 G
peak, 11 ms duration, 0.5 sinewave. The design of the

1345A TOP VIEW

== ‘ TN
B N E
) AMBIENT
1 | TEMPERATURE
MEASURING
- POINT
;.lg_..q

Ref Desig Output 2-18. Shock and Vibration. The Model 1345A is de- .
signed to meet HP Class B Shock and Vibration
Ald3 Z AXIS OUTPUT Standards. The instrument has been subjected to the
AlJ4 Y AXIS OUTPUT shock and vibration levels as shown in tables 2-1 and
AldH X AXIS OUTPUT 2-2. If the system is subjected to shock and vibration

Figure 2-3. 1345A Ambient Temperature Measurement

2-2




OPERATING

"

¢ | s ‘ i

AND SERVICE MANUAL

LS VR PSANP N b L T _vmmmmmum—

ey

\ " ) -

HEWLET
PACKAR

VSYEL dH

-




Model 1345A

mounting must be checked by measuring the shock and
vibration of the 1345A when mounted in the final
cenfiguration. The 1345A mass, center of gravity, and
secona moments of inertia information should only be
used as a guideline for initial design of the system.

2-20. Noments of Inertia. The second moments of
inertia I'x, I'y, I'z about the major axis, as defined in
figure 2-4, through the center of gravity of the 1345A are
listed below:

I'z: 150 emg~ sec’ (0.13 in.Ib sec?)
I'x: 670 cmy. - -ec’ (0.58 in.Ib sec?)
I'y: 716 cmgm sec’ (0.62 in.Ib sec?)

2-21. MOUNTING CONFIGURATION.

2-22. The recomn ended mounting configuration for
the 1345A is shown in figure 2-5. It is recommended that
the instrument be supported at the front side casting
and rear panel mounting holes.

2-23. STORAGE AND SHIPMENT.

2-24. Environment. The instrument may be stored or
shipped in environments within the following limits:

Tomperature: -40° C to +75° C (-40° F
to +167° F)

Humidity: up to 95% relative Humidity at
+40° C (+104° F).

Altitude: 15,300 m (50,000 ft.).

The instrument should also be protected from temper-
ature extremes which cause condensation within the
instrument.

Installation

2-25. PACKAGING.

2-28. Original Packaging. Containers and materials
identical to those used in factory packaging are
available through Hawlett-Packard offices. If the
instrument is being returned to Hewlett-Packard for
servicing, attach a tag indicating the type of service
required, return address, model number, 2nd full serial
number. Also mark the container FRAGILE to ensurs
careful handling. In any correepondence, refer to the
instrument by medel number and ful] serisl number.

2-27. Other Packaging. The following general in-
structions should be used for re-packing with ¢om-
mercially available materials.

a. Wrap instrument in heavy paper or ptastic. (If
shipping to Hewlett-Packard office or service center,
attach a tag indicating type of service required, return
address, model number, and full serial number).

b. Use a strong shipping container. A double-wall
carton made of 350-pound test material is adequate.

c. Use a layer of shock-absorbing material 70 to 100
mmi (3 to 4 inch) thick around all sides of the instrument
to provide firm cushioning and prevent movement

inside the contginer. Protect control panel with
cardboard.

d. Seal shipping container securely.

e. Murk shippintg container FRAGILY to ensure
careful handling.

f. In any currespondence, refer to instrument by
model number and full serial number.

Table 2-1. Mirnimum Shock Level Withstand Capability

Product Shock Shock Puise
Weight Intensity Duration
Class (kg) (9) | {miiliseconds)
B 4.4 30 11
[ 8

Table 2-2. Vibration Specifications

- .
Frequency Period Amplitude Dwell Amplitude
Class Hertz Minutes Peak-Peak Minutes Peak-Peak
B 5-5b-5 15 0.38 mm 10 Note 1
(.015in.) l

Note 1: 3.17 mm (0.125 in.) 5-10 Hz
1.52 mm (0.060 in.) 10-25 Hz
0.38 mm (0.015 in.) 25-55 Hz
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Installatiin | - | |
Y 97in "J'
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Figure 2-4. Definition of Moments of Inertia and Center of Gravity
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MOUNTING 1345A INTO THE SYSTEM

_——-—‘”
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|

Figure 2-5. Recommended Mounting Configuration
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Operation

SECTION Il
OPERATION

3-1.  INTRODUCTION.

3-2. The purpose of tnis section is to give detailed
information concerning the operation, 1/0 interfacing,
and programming of the 1345A. It includes a list of the
programming instructions and a section containing a
brief explanation of “bit programming”. There are also
several programming examples throughout this section.

3-3. OPERATING CONSIDERATIONS.

Refer to figure 3-1 for the following discussion.
3-4. SIGNAL LINE DEFINITIONS.

DO0-D15 DO through D14 are the vector data lines. (TTL
positive logic).
D15 is used only with Option 704 (Vector
Memory option).

LDAV Data valid signal line: (Active low) Signal from
user to 1345A. New output data is available on
data bus.

LRFD Ready for data signal line: (Active low) Signal
from 1345A to user.
1345A is ready for next data transfer.

DISCONNECT SENSE:

This lineisactivelow and is used to determineif
the 1345A is connected to a controller. The user
interface MUST keep this line low when the
1345A is in use. The internal Performance
Verification pattern will be displayed if this line
18 not grounded (held low). Undefined
conditions will result if the other signal lines
are not either disconnected or tri-stated when
“Disconnect Sense™ is disconnected, pulled
high, or tri-stated.

3-5. SIGNAL LINE DEFINITION FOR OPTION 704.

LSYNC External display refresh synchronizatior.
signal line: A positive-going (TTL) edge on this
line starts a display refresh cycle when external
sync mode has been selected via a jumper wire
on the Vector Memory bnm'd (option 704).

LX;‘\CKALknow]edge #ignal lm\\\\ When low,this line
' indicales to the user grotessor that the Vector
o .Memmy hae ackna m\\m\\&ed tireé Read .or Write

v

\_' ) \ﬂpm\%\\\\lon\ \M\‘\\\manqﬂ Yrom the r)rocemm'

LLDS  Device Select signal line: When low this line
enables the Vector Memory for communication
from or to the user processor (write/read).

LWR Memory Write signal line: when low this line
indicates that the 16-bit Data Bus contents are
to be written into either the current Vector
Memory location (specified by Vector Memory
address pointer) or into the Vector Memory
address pointer register.

LRD  Memory Read signal line: when low this line
indicates that the contents of the current Vector
Memory location (as specified by the Vector
Memory address pointer) are to be placed on the
16-bit Data BRus for transmission back to the
user processor.

NOTE

Whenever a Vector Memory location has
been either written into or read from by the
user processor, the Vector Memory address
pointer auto-increments to the next Vector
Memory location (address).

3-6. FUNCTIONAL BLOCKS OF THE 1345A (Figure 3-2).

The following descriptions highlight the main
functional blocks of the 1345A.

POWER SUPPLY. The power supply generates the
required voltages to drive the CRT.

VECTOR PROCESSOR. The vector processor converts
the 16-bit input vector data into define! vectors. The
vector processor receives 16-bit data using a two wire
handshake which is controlled by the vector processor
and the 1345A. The 16-bit input data is decoded into one
of four commands that plot either vectors or text using
an internal character generator.

STROKE GENERATOR. The stroke generator
converts the digital vector data from the vector
processor into vectors displayed on the CRT. The stroke
generator can be programmed to give several
combinations of line types, intensities, and writing
speeds.
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X-Y-Z AMPLIFIERS. The vectors created in the stroke
generator are amplified to levels needed to drive the
CRT. The X and Y signals are inputs to positional and
focus correction circuitry. The Z signal is input to beam
drive and correction circuitry. The two correction
circuits insure a focused circular dot in all areas of the
CRT at all intensities.

rl---"--}
OPTIONAL | ~ VECTOR
MEMORY r PROCESSOR
I
4

CHARACTER
GENERATOR

Model 1345A

VECTOR MEMORY (Option 704). The 1345A may bc
ordered with an optional 4K by 16-bit memory for
graphics information storage. This allows the user to
write the vector data to the vector memory only once.
The vector memory will then handle the refresh
requirements of the display. This memory can store and
refresh up to 4096 commands. The vector memory has
an internal refresh timer that generates a refresh cycle
approximately oace every 16.6 ms.

STROKE
GENERATOR

X, Y,2
AMPLIFIERS

Figure 3-2. 1345A Functional Block Diagram

3-7. USER INSTRUMENT REQUIREMENTS.

The 1345A isdesigned as an internal display component
for instrumentation. The user instrument must provide
the required DC voltsges +5Vdce, +15Vde, and - 15Vdc.
These are supplied through the rear panel power
connector shown in Section Il, figure 2-1.

The host instrument must acquire and format the data
to be displayed by the 1345A CRT. The 1345A will accept
only four data formats, which define the four graphic
commands. These are PLLOT, GRAPH, SET CONDITION,
and TEXT. The formats for these commands are
described later in this section. The 1345A accepts

USER INSTRUMENT

m-u--‘uuﬁw_--‘“_ﬂ_ﬁﬂﬂ'

l

SENSORS ) 1345A

DATA
1nnusoug$§? | | ACOUISITION | INTERFACE

| p _
| RAW ~ '
| DATA l’ coumm.
}
) DATA
| USER
: PROCESSOR
|
[

_HANDSHAKE

H
m-nv» 1345A

I

!

!

§

|

|

|

|

|

|

commands via a 16-bit data bus from the user
instrument. Figure 2-2 in Section I shows the [1/0
connector.

The example system in figure 3-3 has three separate
function blocks. The host processor is a microprocessor
that is programmed to control measurement and data
handling tasks of the instrument. Data acquisition is
handled by the instrument’s acquisition circuitry. The
purpose of the interface is to handle data transfers to the
1345A. If the optional vector memory is installed, the
1345A 16-bit data bus is bidirectional and the interface
may need to handle bidirectional data transfers.

Figure 3-3. Block Diagram of an Example System Incorporating the 1345A
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3-8. HANDSHAKE TIMING

Internal
1345A
Power-on
Reset

LRFD

Tr

LDAV

Tr — Ready Time (1345A Power-on
delay)

oooooooooooooooooooooooooo

(assume LDAYV is high at Power-on)

Operation

TTL High
1 3
TTL Low
-—J*
\ : . TTL High
< E<:l Th o 4
i : TTL Low

Td — Data Valid Delay Time (after LRFD

400 nsec min goeslow) ... ....... ............ 0 nsec min
100 usec max Th — Data Valid Hold Time (after LRFD
goeshigh) ...................... 0 nsec min

Figure 3-4.

LRFD and LDAV (Ready for Data, Data Valid) Handshake

TRANSFER SEQUENCE:

1. 1345A sets LRFD low to indicate that it is ready for a

word from the 16-bit Data Bus.

2. User processor sets LDAV low to indicate that the
contents of the 16-bit Data Bus are valid.

NOTE

While LDAV remains low, the 1345 A will not
act on the command from the Data Bus, even
though it has signalled that it has accepted
the word from the Data Bus. It is recom-
mended that the host system keep Th to a
minimum.

3. 1345A returns LRFD high to indicate that it has

accepted the word from the 16-Bit Data Bus.

d. Data on the 16-bit Data Bus must remain valid as
long as LDAYV is low.

4. User processor returns LDAV high so that the 1345A

can initiate the next transfer.

5. 1345A sets LRFD low to indicate that it is ready for a

word from the 16-bit Data Bus.

RESTRICTIONS:

a. User processor can set LDAV low at the same
time or after 1345A sets LRFD low, but NOT BEFORE.

b. User processor can return LDAV high at the
same time or after 1345A returns LRFD high, but NOT

BEFORE.

c. 1345A will not set LRFD low unless LDAV is

~ high.

NOTE

For maximum speed and performance, it is
advisable that the host system use EDGE
TRIGGERED logic.

Crosstalk. An important consideration in digital signal
transmission is crosstalk between signal lines. Proper
use of the 1345A two wire handshake, LRFD and LDAV,
will minimize the possibility of crosstalk during data
transmission. Another consideration is that of signal
line length. It is recommended thatthe I/O cable be kept
as short as possible with a maximum cable length of
€60.9cm (2 ft.). By using the correct handshake sequence
and keeping signal lines as short as possible, the
potential of crosstalk can be kept to a minimum.

3-3




Operation

3-9. INSTRUCTIONS

The 1345A creates pictures by a technique called
random vector plotting. A line is defined by its
endpoints in 2048 by 2048 cartesian coordinate system.
The origin (0,0) is in the lower lefthand corner. All points
are positive reference. The 1345A references each vector
by starting point, ending point,intensity level line type,
and writing speed.

The 1345A recognizes bits D0-D14 on its input Data Bus
as being one of four commands. These four commands
provide complete pnrogrammable vector and text
generation with a minimum of command overhead.
Most vector and text operations can be handled with
only one 16-bit command word. The 1345A has the
following Programming Command set.

MSB LSB
B15 B14 B13 B12 B11 B10 B9 BS B7 B6 B5 B4 B3 B2 B1 B0
COMMAND | COMMANDMODIFIERS |
Command bit 14 | bit 13

1. Set Condition 1 1

2. Plot 0 0

3. Graph 0 1

4. Text 1 0

The 1345A receives 16-bit data words over the 26 pin
interface connector. These 16-bit data words are decoded
by the 1345A into one of fuur distinct commands. £ach
16-bit data word sent to the 1345A can be separated into
two distinct data fields.

Each of the commands that the 1345A can recognize is
selected by the state of data bits D14 and D13. Data bit
D15 is used only for memory board operations and is
discussed later. The 1345A without memory uses only
data bits D0-D14 to determine the command. Data bit
D15 is always 0. The lower 13 data bite DO-D12 are used
as command modifiers. These modifiers allow each
command to have several selectable attributes. Vecto.
drawing operations are directly dependent on the stutus
of these data bits in every 1345A command. Each of
these commands and their modifiers will be discussed
using programming examples. The 16-bit data for the
examples will be in HEXADECIMAL or HEX format.
The HEX format is easier te follow than 16-bit binary
data words. Each HEX data word sent to the 1345A will
be equivalent to a 16-bit binary word.

HEX Format Generation. Each 15-bit data word can be
separated intn four, four bit binary numbers. This
allows each four bit binary number to have sixteen

Model 1345A

distinct combinations. Each of these combinations is
assigned a HEX equivalence. The conversion from
binary to HEX is contained in figure 3-5. Each data word
in the following command examples will use this HEX
format. These HEX representations will correspond to
the required bit patterns recognized by the 1345A.

Hexadecimal Code Binary Code
b4 b3 b2 b1
| —

0 0 0 0 0

1 0 0 0 1

2 0 0 1 0

3 0 0 ] 1

4 0 1 0 0

5) 0 1 0 1

6 0 1 1 0

7 0 1 1 1

8 1 0 G 0

9 1 0 0 1

A 1 0 1 0

B 1 0 1 1

C 1 1 0 0

D 1 ] ) ]

E L 1 1 0

F 1 1 1 1

Hex Code C F 0 8

Binary Code 1100 1111 0000 1000

Figure 3-5. Binary to HEX Conversion

1. Sat Condition Command (B14=1, B13=1).

With bit 15 set to zero and command bits 14 and 1 3set to
one, the 1345A is commanded to draw all following
vectors according to the configuration commanded until
changed by subsequent condition command.

NOTE

A one (1) = TTL high: a zero (0) = TTL
low.

The Set Condition command controls theintensity level,

the line type, and the writing speed of vectors drawn on
the CRT.

B1S B14 B13 B12 B11 B10 89 B8 B7B6*B5 B4 B3 B2 B1 B0
6 1 1 I 10 X L2LIL0O 0O XWIW0OX X X

*B6 MUST be zero.

X=DON'T CARE

Bl4=1, B13=1: Set display configuration according to choices
specified for intensity, line tvpe, and writing
speed.
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" 10 | {Intensity)

0 0 Blank

0 1 Dim

1 0 Half Brightness
1 1 Full Brightness

L2 L1 LO | (Line Type)

0 0 0 Solid Line

0 0 1 | Intensify Endpoints (solid line)
0 1 0 Long Dashes

] 1 1 Short Dashes

1 0 1 Dots on Endpoints

Note: These are the only defined states for Line Type.
Any other combination may result in lock-up of
Vector Processor.

w1 W0 | (Writing Speed)

0.05 in. per microsecor.d
0.10 in. per microsecond
0.15 in. per microsecond
(.20 in. per microsecond

O = O e

1
1
0
0

When the line type ‘“solid line with intensified
endpoints” is selected, the intensity of the endpoints
may vary due to optical illusion. As lines are linked
together, the intensity of the point where one line ends
and the next line starts is a function of the angle
separating the lines. The closer the angle is to 180
degrees, the brighter the point. The closer the angle is to
zero degrees (absolute), the dimmer the point.

By combining line intensity an< writing speed
parameters, up to twelve levels of discernible intensities
can be generated. Figure 3-6 contains several example
combinations. This allows the user to create displays
with background graticules and intensify important
trace data. The beam will be brightest with the intensity
et at full bright at the sicwest writing speed. The beam
will be dimmest with the intensity set at dim at the
fastest writing speed. The Set Condition command may
be executed at any time and the vector attributes will
remain in effect until another Set Condition commandis
executed. |

6998h Dim, Short Dash, Speed 0.05
7800h Bright, Solid, Speed 0.2

7000h Half Bright, Solid, Speed 0.2
7100h Half Bright, Long Dash, Speed 0.2

Figure 3-6. Set Condition Examples in Hex

Operation

2. Plot Command (B14=0, B13=0)

With bit 15 set to zero and command bits 14 and 13 set to
zero, the 1345A is commanded to move the display beam
to a specific X-Y location eachtimethat a Y coordinateis
received.

The beam position may be moved with the beam either
turned off or on.

The Plot command will draw all vectors according to the
display configuration established by the last Set
Condition command received by the 1345A.

Each time that a Y coordinate is received the beam
status (on or off) for the beam movement is established.
Also, the X-Y location to be moved to is formed from the
last X coordinate received and the current Y coordinate.
For example, to draw a vertical line send the 1345A: (1)
Plot command-X value; (2) Plot command-Y! value
(with beam off); (3) Plot comma..d-Y2 value(with beam
on).

B15 B14 B13 B12 R11 B10 B9 B8 B7 P68 B5 B4 B3 B2 B1 BO
0 0 0 XY PCDI10D9ID8D7D6D5D4D3N2DI DO

! DATA 4
MSB 1.SB

B14=0, B13=0:Piot Command.

XY
0=X coordinate (0-2047) as specified by D0-D10.
1=Y coordinate (0-2047) as specified by D0-D10.

PC (Beam Control Bit)
0=Move (beam off)
1=Draw (beam on)

X=0 X=2047
Y=204 Y=2047
TOP
CRT
SCREEN
X=0 X=2047

Y=0 Y=0

Figure 3-7. Vector Drawing Area
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Exampie 1.

An explanation of vector drawing will help clarify the
process. In figure 3-8, there are three vectors defined by
four endpoints. Each vector requires two endpoints. The
vector from point 1 to point 2 requires two endpoint
declarations. The vector from point 2 to point 3 requires
only point 3 be declared as an endpoint, because point 2
is already established. The vector drawn frem point 2 to
point 3 is & vector with the beam off. This allows the
beam to be moved to new vector starting points withcut
affecting existing displayed vectors. The vector from
point 3 to point 4 is drawn vath the beam on. The correct
sequence for constructing vectors in PLOT is ALWAYS
X firet, Y next, X,Y,X,...,Y, until the vector sequence is
complete. A vector is plotted according to the last Set
Condition command sent to the 1345A.

Figure 3-8. Vector Plotti 18

The “BEAM ON” bitin the PLOT commandis ignored if
the coordinate being specified is an X value. The beam
status only has effect if the Y coordinate is being
entered. The CRT beam will move to the location
specified by the last X end Y coordinate values specified
in the PLOT commands.

Example 2.

To draw a single vector defined by its endpoints in the
vector drawing area, the 1345A would need to receive
two sets of X and Y coordinates. The 1345A receives the
coordinates in the specified order X1,Y1,X2,Y2. The
beam is moved only when the V coordinate is received.
The status of the beam is only affected by the beam
status bit in the Y coordinate command.

| Figure 3-9. Vector Defined by Endpoints
2.6
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Example 3.
To draw a square on the display, use the following
procedure.

a. Send the 1345A a Set Conditicn command to
configure display brightness, linetype, and writing rate.

b. Send the 1345A a Plot X1 command.

c. Send the 1345A a Plot Y1 command with the
beam off. This moves the beam to the starting point of
the square.

4. Send the 1345A a Plot Y2 command with the
beam on. This moves the beam to the X1,Y2 pointshown
in figure 3-10 (draws vector “1”).

e. Send the 1345A a Plot X2 command, then a Plot
Y2 (beam on) command. This moves the beam to X2,Y2
(draws vector “2”).

f. Send the 1345A a Plot Y1 command with the
beam on. This moves the beam to X2,Y1 (draws vector
I‘3”).

g. Send the 1345A a Plot X1 command, then a Plot
Y1 (beam on) command. This moves the beam back to
the starting point (draws vector *“4”).

X1,Y2 "2 X2,Y2
1" "3
X1,Y1 X2 ,Y1
“4;'

Figure 3-10. Drawing a Square on the Display

Example 4.

To draw two horizontal lines on the display, modify
steps “d” and “f”’ in example 3 sothatthe 1345A receives
the Plot Y command with beam off instead of beam on.

|

X1,Y2 4 | x2.,v2

—_——-—-—_——q
—
N

X1,Y1 | X2,Y1

|

_

Figure 3-11. Two Horizontal Lines on the Display
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The 16-bit HEX data equivalence code to draw figures 3-
10 and 3-11 is shown below:

Figure 3-10 Figure 3-11
Command Step data data 1345A
1. Set Condition 7818h 7818h Sets Vector type

(Solid Full Bright,.05)

2. Plot X1 0200h 0200h X1=512
3. Plot Y1(beam off) 1200F. 120Ch move to Y1 =512
4. Plot Y2(beam on) 1F00n (beam off)1700h move to Y2=1792
5. Plot X2 OFO00h 0FO00h X2=1792
6. Plot Y2(beam on) 1F0Gh 1F00h move to Y2=1792
7. Plot Y1(beam on) 1A00h (beam off)1200h move to Y1=512
8. Plot X1 0200h 0200h X1=512
9. Plot Y1(beam on) 1AN00h 1A00h move to Y1 =512

A description of these two examples will help the user
understand the vector plotting process. Step 1 defines
the vector attributes for the vectors to be plotted by the
1345A. Definition of a starting point is crucial when
plotting vectors. Steps 2 and 3 initialize the starting
point of the box. Next a new Y value is received
indicating that the beam be turned on. Sincethe X value
didn’t change, only a new Y value need be sent. The
beam will move to the location specified by the X-Y
location when the Y value is received. The vectcr is
drawn according to the status of the last Set Condition
command.

When a new horizontal location is required, both the X
and Y coordinates need to be sent to the 1345A. The
beam is only moved and the vector drawn when a Y
coordinate is received. The Y valuedoesn’t change going
from step 4 to step 5, but the X value does. This requires
that a new X-Y coordinate pair be sent tothe 1345A as in
steps 5 and 6. In step 7, the X value doesn’t require a
change soonly a new Y valueis sent in step 7. The beam
18 turned on to draw the vector. In steps 8 and 9 a new X-
Y pair i3 required so both values must be sent. To draw
figure 3-11, only steps 4 and 7 need to be changed. The
beam status bit tells the 1345A to turn the beam off
during the movement. A vector is still drawn, but with
the beam turned off.

The user should notice that when a vector is to be drawn
vertically, only a Y value is sent for the second vector
endpoint. The 1345A has a “last X” register that store:.
the value of the last X location. This feature allows
vertical vectors 'vith the same X velues to be drawn with
one less endpoir.! requirement.

When plotting vectors in the vector drawing area, the
user should take into account the difference in CRT
screen height and width. The 1345A vector drawing area
i8 8.5 cm high by 11.5 cm wide and has 2048 addressable
points in either direction. If this difference is not taken
into account, boxes will appear as rectangles. To plot
vectors correctly, the user may need to apply a scaling

factor to vector endpoint calculations. The scaling
factors for the i345A are a proximately 215.58
addressable points/cm in the Y direction and 163.84
addressable poirits/cm in the X directio:1. These figures
are used when calculating the actual length of vectors in
cm.

3. Graph Command (B14=0, B13=1).

The Graph command is very similar v (ke Plot
command. The purpose of the Graph command is to
allow plotting of vectors that have equal incremental X
coordinates. In the Graph mode the 1345A will
automatically increment the X coordinate after each Y
coordinate is received. This allows single valued
functions to be plotted in graph form with fewer
endr.oints than would be possible using X.Y coordinates
for each data point.

With bit 15 set to zero and command bits 14 and 13 set to
zero and one, respectively, the 1345A is commanded to
either: (a) set the DELTA-X increment: or (b) move the
beam to a specific X-Y location determined by the X
increment and the Y coordinate.

The beam position may be moved with the beam either
turaed off or turned on. Beam status for the beam
movement 18 established each time that a Y coordinate
Graph command is received.

The Graph command will draw all vectors according to
the display configuration established by the last Set
Condition command received by the 1345A.

MSB LSB
B15 B14 B13 B12 B11 B10 B9 B8 B7 86 B B4 B3 B2 B1 B0

0 0 1 XY PC DI0ODSD8D7D6D5D4D3D2DI DO
| ~DATA 4
B14=0, B13=1: Graph Command.

0-

-
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XY 0 = set automatic DELTA-X increment (as specified
by DO - D10) for all subsequent Y coordinate Graph
commands received.

1 = Y coordinate (as specified by D0 - D10) to which
the oeam is to be moved in conjunction with the
DELTA-X increment.

PC (Beam Control Bit)
0 = Move (beam off)
1 = Draw (beam on)

There are three command modifiers in the Graph
command. These modificrs control the X increment, Y
conrdinate data value, and the beam status. When B12is
0, the data in bits D0-D10 define the value of the X
increment. This is the amount the X coordinate will
increment after each Y coordinate is plotted. The range
of the X increment is 0 to 2047. It should be noted that X
increases relative to present XY coordinate vzlues on
the screen. Figure 3-12 contains an example of the
Graph mode commands. The beam moves when the Y
coordinate value is received.

Example 1:

To graph, first move the beam to a stariing position P1
(Plot Commands: X value; Y value with beam off). Then
send the 1345A:

1) DELTA-X Graph command.

2) Y1 Graph command with the beam on. This moves
the beam to point G1.
Note that there is no DELTA-X increment with the
first Y Graph command.

3) Y2 Graph command with the beam on. This moves
the beam to point G2.

4) Y3 Graph command with the beam on. This moves
the beam to point G3.

5) Y4 Graph command with the beam on. This moves
the beam to point G4.

This will give a picture as shown below.

G3

G1 G2 G4

I R B

s (X,Y)=P1

Figufe 3-12. Graphing Example

Model 1345A

To create the output in figure 3-12, the following steps
were executed with the given 16-bit HEX data.

Command Step 16 Bit Data 1345A

7818h  Set Vector Attributes
(Solid Full Bright, .05)
X=512
move to Y=512
set X incr~ment to 64

1. Set Condition

2. Plot X1 0200h

3. Plot Y1 (beam off) 1200h

4. Graph command Set 2040h
Delta X

5. Graph command Y1 3280h Y =640
¢. Graph command Y2 3280h Y =640
. Graph command Y3 3300h Y=768
8. Graph command Y4 3280h Y =640

Step 1 defines the line type, speed, and intensity. Steps 2
and 3 determine the starting point of the graph. The
delta X increment is established in step 4. The (4) Y
values are sent in steps 5-8. The value of X is
incremented AFTER each Y value is received.

If the graph is to start at the axis origin, then e..ecute a
graph command with a first Y value set to zero. This will
not plot anything, but will increment the X value by
delta X. The next vector will be drawn from the origin to
the Y value for the first X increment. If the graph is to
start at the Y axis, then exec'.tea Y valuecommand. The
next vector will be drawn from the Y value on the Y axis
to the Y value of the first X increment.

Example 2.
Figure 3-13shcws how 15 vectors aredraw:: with only 20
commands. The sequence is described below:

Step 1 — Set Condition to define line type.

Step 2 — Plot command to set X location at lower left
corner of graph.

Step 3 — Plot command to set Y location at lower left
corner of graph.

Step 4 — Graph command toset X increment value. This
value is referenced to the X axis of the graph.

Step 5 — Graph command with beam off and Y value set
to 0. This will not plot anything, but is used to initiate
the X increment to point 1.

Step 6 — Graph command with beam on and Y value set
to point 1.

Step 7 — Graph command with beam on and Y value set
to point 2.

)
® (send only Y values of points 3 through 14)
®

Step 20 — Graph command with beam on and Y value
set to point 15.
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Normal XY plot mode would require 33 commands to

construct the same graph. Note that the above

command sequence does not include generation of the
graph axis, only construction of the graph itself.

The construction of a graph can have two forms. The
vectors may start at either the origin or somewhere
along the Y axis of the graph. If the origin is the starting
point, then the user needs to set the first Y value to zero.
This will not plot anything but will start thegraph at the
origin and increment the X vaiue by one. When the next
Y value ig sent, a vector will be drawn from the origin to
the new Y value. If the Y axis is the starting point then
the user needstosendth.e first Y value with the beam off.
This will insure that the axis of the graph is not altered
by the line type set for the graph trace. For the next Y
value the beam should be turned on.

.1.+
.,
JA"# P

/&~ (BEAM OFF)

Figure 3-13. Graph Mode Example

Operation

4. Text Command(B14=1, B13=0).

The 1345A comes complete with an internal character
generator. This internal character data is a modified
ASCII character set for graphics use. The 1345A also
contains many special characters that facilitate
graphics and display annotation. Figure 3-14 contains
the modified 1345A ASCII character set in HEX format.
When the Text command is executed the 1345A will
interpret the lower eight data bits D)-D7 as an
equivalence for ASCII or special characters.

Instead of specifying a character to be drawn, the Text
command character code can be replaced by a beam
movement control code. These codesthat move the beam
(with the beam off) are Carriage Return (CR), Line Feed
(LF), Inverse Line Feed, Backspace (BS),1/2 shift up,
and 1/2 shift down. The amount and direction of beam
movement depends on the character size and
onientation specified. Line Feed and Inverse Line Feed
provide automatic spacing between lines of text
(spacing =height of one character between lines).

With bit 15 set to zero and command bits 14and 1.3 setto
one and zero, respectively, the 1345A is commanded to
draw all the vectors necessary to produce the character
specified.

The 1345A automatically provides a space to the right of
each character for character spacing.

The Text command will draw the character according to
the display configuration established by the last Set
Condition command received by the 1345A. The
characters are always drawn at the slowest writing
speed. The line type has no visible effect except on the
largest character size, (2.5X). The position is defined by
the last X and Y coordinates received by the 1345A.

3-9
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1345A MODIFIED ASCIli CODE CONVERSION TABLE
MOST SIGNIFICANT CHARACTER
0 1 2 3 4 5 é 7
0 centered * SP 0 @ P ‘ p
1 HP logo centered o ' 1 A Q a q
2 B ! o 2 B R b r
3 — # 3 C S C 8
4 upper-haif tic ! $ 4 D T d t
LEAST 5 lower-half tic - Y 5) E U e u
SIGNIFICANT 6 left-half tic v & 6 F V f v
CHARACTER 7 right-half tic w ’ 7 G w g w
8 back space A ( 8 H X k X
9 1/2 shift down m ) 9 I Y i y
A line feed ° (degree) > : J Z ) Z
B inv. line feed 0 + . K [ k !
C 1/2 shift up 0 , < L N ] ,
D carriage return I . = M | m l
E horizontal tic ) : > N A n B
F vertical tic A / ? O —_ 0 >
EXAMPLES:
HP logo = 01
A = 41
i = 69
v o= 16
»> = F
line feed = 09

Figure 3-14. 1345A Modified ASCII Character Set

can be drawn across the screen at different sizes in in
figure 3-16. An example of 1X character spacing is

The Text command has command modifiers for size and
rotation information. New size and rotation information

18 controlled by the status of data word bit B8. Toinitiate
new character attributes, bit B8 must be set high as a
new information indicator. If the data bit is “0”’, the size
and rotation bits are ignored.

The 1345A has 4 character sizes. These 4 sizes are
defined by the status of bits B11 and B12. The amount of
space needed to draw the characters is contained in
figure 3-15. This is the required space needed out of 2048
X 2048 possible points. The number of characiers that

3-10

contained in figure 3-17.

When the 1345A hav finished drawing a character it
automatically advances the beam to the starting point
for the next character. In this way the 1345A functions
much like a typewriter when presenting text.

The modified ASCII character set for the 1345A is
shown in table 3-1.
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Table 3-1. 1345A Character Set

. 0 32 Space 64 @ 96 + NOTE 2

1 HP logo 33 ! 65 A 97 a |

2 beta 34 66 B 98 b

3 35 # 67 C 9 ¢

4 upper-half tic 36 $ 68 D 00 d

5 lower-half tic 37 % 69 E 101 e

6 left-half tic 8 & 70 F 102 f

7 right-half tic 39 71 G 103 g

8 back space 40 ( 72 H 104 h

9 1/2 shift down 41 ) 73 1 105 1

10 line feed 42 * 74 J 106

11 inv. line feed 43 + 75 K 107 k

i2 1/2 shift up 44 76 L 108 1

13 carriage return 445 - 7 M 109 m

14 horizontal tic 46 . 7% N 110 n

15 vertical tic 47 / 79 O 111 o

16 centered * 48 0 8 P 112 p ;,

17 centered o 49 1 81 Q 113 g :

18 up arrow o) 2 82 R 114 r

19 left arrow 51 3 8 S 115 s

20 down arrow b2 4 84 T 116 t

21 right arrow 53 5 8 U 1T u

22 square root 54 6 86 V 118 v

23 pi 55 7 87 W 119 w

24 delta 56 8 88 X 120 x

25 mu 57 9 8 Y 121 vy '-

26 ° (degree) 58 90 Z 122 ¢

27 ohm 59 91 | 123

28 rho 60 < 92 \ 124 |

29 gamma 61 = 93 | 125 |

30 theta 62 > 94 A 125 hox

31 lamda 63 ? 95 —~— NOTE 1 127 shaded
triangle |

NOTES: 1. 95 = Underline character with Auto Back Space
2. 9G = Slanted in opposite direction of character 39.

3-11
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1.
l}, -

b

L 818 B14 813 B12:311 B0 BY BS BY BG.BS B4 B3 82 B1 B
D 1 0 % S0 R1 ROESD?D6D5D4D3N2 D1 DO

r . [ \

Bl4=1, Bl‘l 0 commapnds that the 1345A display a text
| character (sp2cified by DO—D?)
Y.
{ES (Eatablmh size of charucter)
0 use previous size ar.d rotation

i = estabiish new size and rotation according to 51-50 and

T — T T — T T ST S T T — T g e T

Figure 3-15. Text Command Bit Pattern

PRCGRAMMABLE CHARACTER SIZES:

1.0 X 56 characters per line, 28 horizontal lines possible.

1.5 X 37 charac*ers per line, 18 horizontal lines possible.
2.0 X 28 characters per line, 14 horizontal lines possible.
| 2.5 X 22 characters per line, 11 horizontal lines possible.

Figure 3-16. 1345A Characier Display Capabilities

E Example:
L 1 X character spacing (in addressable points)
|
F. .
@ !

36 p——— mam—

<t 24 - 124
36
'\

Figure 3-17. Example of Character Spacing

3-12
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{

Character rotation is an additional feature of the 1345A.

The 1345A can be programmed to rotate any character

at 0, 30, 180, or 270 degreer rotation measured counter
clockwise from horizontal. This can be done for any
charscter at any size. The starting point ofthe character
is always the lower left corner relative tc any rotation.

For charecter rotation, the entire chavacter area is
rotated the specified number of degrees and the starting
point moves around in a counter clockwise fashion. For
example, the starting point of a character rotated 180

degrees would be the upper right corner. this technique
is illustrated in figure 3- 18.

oy oy

1-‘ Tl -

C HAI’M("'T[’Hi L
Sp 8P

= =

SF - CHARACTER STARTING POINT

R i)

R1 RC | (Charscter Rotsticn (CCW))

it e

0 0 |  degrees

0 1 | Y0 degrees |
1 0 | 180 degrees ,
1 1 | 270 degrees

Width X Height

St | SO Size |(in addressable points)

00 I X 24 X 36

0|1 15 X 36 X 54

110 2 X 48 X 72

111 25 X 60 X 90

Figure 3-18. Character Botation

Since the starting point of the character changes with
rotation, so does the direction of character spacing. If
the rotation is 180 degrees, the characters will be written
upside down from right to left. If the rotation modeis 270
degrees, the charecters will edvance from top 1o bottom.
Rotation spacing exampies are contained in figure 3-19.

Ot e s b 4 bt

-
VISR .,
180° SCREEN
270° ﬁ

VISP [T

<1
L)
30° i T

| e M)
1[3[4[5[A] [~

DIRECTOR GF CHARACTER SPACING

Figure 3-19. Character Rotation Spacing

|
w.
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5. Caleulatlnq'tho Sterting Point for Text. )

If we wish m dmplay the charactaxs “1. AoA” in the
centcr of the dlsplay,, proceed as follows

}

Let's chooae the 2. 5X (largest) character size. Each

. character will be 90 X 90 addressable point4.

Calcnlutaon |
center bcreen = 1024, 1024 (X, ¥y

= 10*“4 —_ ("' 5 cham X 90 pmntg/vhm )

o =1024 — ‘725
=799 |
Y = 1024 ~ (.5 char X 90 pmnts’ch&r)
= 10%4 ~ 45 :
= 979 |

Send the ]‘MﬁA a Plot X wmmand with X=799, The
HE‘. ¢ade to do this is OSIF |

Send the 1345A # PlotY commnsnd with fhe beain off and
Y=979. The }EX code to do this is 13D3.

I Operation

!

Ther. send the Text commands to produce each of the

_che:acters

8. Wraparound. |

The characters listed in figure 3-20 cause wraparound if
positioned too close to the edge of the Vector Drawing
area. Wraparound appears as vectors drawn completely
across the display. This condition can also be caused by
vecturs diawn outside the screen area.
/

It is important to observe the recommended character
boundary specifications, to avoid problems which might
be encountered by writing at the screen edges. Figure -
21 contains recomnmended limits for each character size
at each screen edge. Failure to observe these limits may
result in undefined results, particularly when writing
characters listed in figure 3-20. The user should plot all
characters within the specified borders. The user should
not atiempt to write any characters along a screen edge.
The character spacing guidelines n figure 3-21 allow
ample spacing for characters of all specified sizes.
Charactera NOT specified in figure 3-20 may be written
cioser to the screen borders but it is not recommender.

| CHARACTER - CHARACTER
v Vot : ot o~ riny b g
| I Boundary [ Boundary
No. | Description HEX | Affecian No. i PDeacription HEX | Affected
] L
1 |HP Logo 1 01 | Right,Tep 36 $ 24 | Top,Botiom
2 | beta 02 | Bottom 40 | { 28 | Top,Bottom
4 | upper-half tic 04 }Top | 41 ) 29 {Top,Bottom
5 | lower-half tic 0% ] Bottom 44 | : 20 | Bottom
6 |left-halfl iic 06 | Left o6 i 8 38 | Top
7 |right-half tic 1 07 | Right .08 ; 3B | Bottom
8 |back space 08 | Lefr i 81 Q 31 | Bottom
. 9 }11/2 shift down 09 | Bottom 9] ! ] 5B | Top,Bottom
10 |line feed 1 0A | Bottom b w3 | 51 | Top,Bottom
| 11 |inv. line feed OB | Toy | b — {uhderling) 5F | Bottom
i 12 11/2 shift up 0C | Top 103 | g ' 67 | Bottom
14 | horizontal tic OE | Left, Right 18 i 6A | Bottom
18 | vertical tic | OF | Loft, Bovtom 112 P 70 | Bottom
16 [centered * 10 | Left,Bottom 113 q 71 | Right,Bottom
17 lcentered o -1 11 { Left,Bottom 12 ¥ 79 | Bottom
. 22 |square root {16 | BightTop 123 { 7B | Top,Bottom
25 |mu | "1 19 | Bottom 125 } 7D | Top,Bottom
26 | °(degree) 1A [Top 126 box | 7E | Right,Top
28 |rthoe 1C | Bottom =
NV W - P PO P - iack " wadidee - ph

o

Figure 3-20. Wrapa(qun-ﬁ[ Characters and Koundaries

3-13
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--------------------------- 2029
---------------------- 2035
------------------ 2038
------------ 2041
S T T e 2047
2047 - +
2033 - omd
2026 «-e-rferee :
| 2019 -ooefoeenfennefors
2012 -weecpeecpees -
1345A CRT—»
SCREEN
BOUNDARY FOR Z.5X [ T
BOUNDARY FOR 2X MT
P BOUNDARY FOR 1.5X 104
P BOUNDARY FOR 1X CHARACTER B L4
L _ N
0 6 9 12i8
Figure 3-21. Character Borders
- 2-10. REFRESH REQUIREMENTS 2. Optimizing Picture Quality. .
"~ The user processor must present all picture data to the Due to differing conditions of ambient light when the
1345A at a minimum rate of approximately 50 Hz. Below 1345A is displaying pictures, the programmer may have
a 50 Hz refresh rate the display may begin to flicker. to experiment with the Intensity and Writing Speed
Recommended refresh rate is approximately 60 HZ. parameters of the Set Condition command.
3-11. Potpourri | Ehich arbient figh
| , .y , < For example, in an environment of high ambient light,
1. Octal and Hexadecxmal Ranges for#l.M'SA Commands. the 1345A should be set to the highest brightness level
13454 Octal Hexadecimal and slowest writing speed.
Command ‘Range Range
| 3. Reducing Display Flicker.
Plot . | | g Uisplay
X | 00000 - 07777 | 0000 - (FFF

The 1345A must receive all data for the picture from the

Y (beam off) | 10000 - 13777 | 1000 - 17FF user processor at an approximate rate of once every 16.7

Y (beam on) | 14000 - 17777 | 1,00 - iFFF

milliseconds (60 Hz refresh rate).
Graph | {
Set DELTA-X | 20000 - 27777 | 2000 - 2FFF | )
Y (beam off) | 30000 - 33777 | 3000 - 37FF A long vector may require up to 160 microseconds before

Y (beam on): | 34000 - 37777 | 3800 - 3FFF . the 1345A will receive the next command (vector) from

e . . o - the user processor. If the 1345A is drawing a picture with
Text 40000 - 57777 | 4000 - SFT'F many lon§ vectors, then the refresh rate can be slowed to

. |  the point where the operator will perceive flicker.
Set Condition 60000 - 77777 .1 6000 - TFFF . |

3-14.
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 The choic» of uger system m-icmprocesa‘dt and
~ complexity of the user interface depends on the
~ capabilities 1equired of the user instrument and the

other tasks the microprocessor nmust perform. We will
discuas three besic types of display interface techniques,
as illustrated in figure 3-22. When interfacing the 13454

o ~ to a user inatrument, one of these three basic interfaces

will probably be used. Each typd\ of interface will be
discussed highlighting advaniages, divadvantages and

~ axample applications where each type of interface
| might be used.
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Operation

3.13. SIMPLE INTERFACE.

'The simplest type of interface that can be constructed
for the 1345A is a single microprocessor system. In this
type of system the interface is part of the microprocessor
address apace and the entire inctrument is controlled by
a single processor. Typical application characteristics
for this type of interface are low system overhead, semi-
static display, and slower data transfer rate. This would
he a good type of interface for an instrument thet
displays linear data thus utilizing the graph mode of the
1345A. In graph mode, less v xctors arerequired to create
linear displays. A block diagram of an example single
processor interface is contained in figure 3-23.

RATURASA. N A U i A L

‘SINPLE INTERFACE

DNA INTERFACE

»HIGHER LEVEL OF GVERMEAD
»HISHER DATA TRANSFER RATE
»MAY USF VECTOR NEMORY
OPTION (704

SMART INTERFACE

»REAL TIME

»MULTI PROCESSOR

»HIGH QVERKEAD \
»HIGH SPEED DATA TRANSFER

»SINGLE SROCESSOR

[ OW QVERNEAD

wSEMI~STATIC DISPLAY OR
1 «=LOWER DATA TRANSFER RATE
- »S0GO CHOICE FOR VELTDR

MEMORY DPTION (T04)

® ———F— -

e e 1343A

_mm

Figure 3-22. 1345A Interfacing Technigues

The vector memory board would be a good choice for this
type of interface. If the memory option is not used, the
number of vectors that can bedisplayed is limited by the
amount of time the user processor has to update the
dispiay. Typically this will be only a few hundred
vectors. If the memory option is used, display data is

e dled GNP CMINGA SMES GANNE TS G S WS CENEE GRS SN SEERR  dnheee  SERS

USER INSTRUMENT

SENSORS
ETC.

SOFTKEYS 1/0
. BYc. |

stored in the vector memory which will handle the
display refresh requirements. The number of vectors
that can be displayed is limited by the totai vector length
capabilities of the 1345A. Use of the memory option
board in this situation will enhance the overall system
performance.

(OPTIONAL)
CONTROL ¢ " |

{ VECTOR |
|DATA __§ MEMORY

' -O”'OJ

Figure 3-23. Single Processor Interface
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— — - SAFETY -
This product has been designed and tested according to International “afety Requirements. To

{4 ensure scfe operation and to keep the product safe, the information, cautions, and warnings in this

manual must be heeded. Refer to Section I and the Safety Summary for generalsafety considerations
applicable to this product.

CERTIFICATION

Heuwlett-Packard Company certifies that this product met its published spe. .uons at the time of
shipment from the factory. Hewlett-Packard further certifies that its calibration measurements are
traceable to the United States National Bureau of Standards, to the extent allowed by the Bureau’s

calibration facility, and to the calibration facilities of other International Standards Organization
members.

WARRANTY

This Hewlett-Packard product is warrsnted against defects in material and workmanship for a period

of one year from date of shipment. During the warranty period, Hewlett-Packard Company will, at its
option, either repair or replace products which prove to be defective.

The cathode-ray tube (CRT) in the instrument and any replacement CRT purchased from HP are also
warranted against electrical failure for a period of one year from the date of shipment from Colorado

Springs. BROKEN TUBES AND TUBES WITH PHOSPHOR OR MESH BURNS, HOWEVER, ARE
NOT INCLUDED UNDER THIS WARRANTY.

For warranty service or repair, this product must be returned to a service facility designated by HP.
However, warranty service for products installed by HP and certain other products designated bv HP
will be perfcrmed at Buyer's facility at no charge within the HP service travel area. Outside HP
service travel areas, warranty service will be performed at Buyer's facility only upon HP’s prior
agreement and Buyer shall pay HP’s round trip travel expenses.

For products returned to HP for warranty cervice, Buyer shall prepay shipping charges to HP and HP
shall pay shippiry charges to return the product to Buyer. However, Buyer shall pay all shipping
charges, duties, and taxes for products returned to HP from another country.

LIMITATION OF WARRANTY
The foregoing warranty shall not apply to defects resulting from improper or inadequate mainte-
nance by Buyer, Buyer-suppiied software or interfacing, unauthorized modification or misuse,

operation outside of the environmental specifications for the product, or improper site preparation or
maintenance.

NO OTHSR WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER'’SSOLE AND EXCLUSIVE REMEDIES. HP
SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR

CONSEQUENTIAL DAMAGES, WHETHER BASED CN CONTRACT, TORT. OR ANY OTHER
LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are avatlable for
Hewlett-Packard products.

For any assistance, contact your rearest Hewlett-Packard Sales and Service Office. Addresses are
prouvided at the back of this manual.

L. . | SCWIAOITB(CRIU
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3-14. DMA INTERFACES.

A DMA interface allows the transfer of data to the
1345A to occur without using up user processor time.
This type of interface requires the user processor set up
the transfer but not control it. The DMA circuitry on the
interface will control the t>ansfer. This allows the user
processor to start a data transfer and then go process
other tasks such as keyboard scanning, data
acquisition, etc. A system that does all these functions
needs to have a data transfer technique that leaves the
user processor free to perform these other functions. The
method in this case is DMA with or with-out Optional
Vector Memory. It is possible for the user instrument to
make use of both a DMA interface and the vector
memory. In this case the user processor would initiate a
DMA transfer to the memory. The memory would then
handle all refresh requirements independent of the user
processor. The only display overhead would be when the

SENSORS ,ETC. KEYBOARD,ETL.

Model 1345A

user processor needs to send new data to the 1345A. The
entire 4096 locations of the vector memory can be
written in less than 3 ms. The user interface could hold
off one 16.6 ms refresh cycle and rewrite the new data
into the memory. If the optional Vector Memory is not
used, the user interface must have access to a selected
area of memory set aside for display data and a timer
that schedules refresh cycles. When a DMA request is
activated, the user interface will access the display
memory and write this data to the 1345A without user
processor intervention. An example DMA interface is
illustrated in the block diagram in figure 3-24. The
advantages of this type of interface are low overhead to
the user processor and faster data transfer rates. The
disadvantage is that the interface is harder to construct
and configure into a processor system than the simple
interface. Typical applications for this type of interface
are interactive systems with dynamic displays of
continuous data acquisition.

1 1
| }

| :

i DATA 10 MATH ;

! |ACQUISITION . PROCESSOR |

| : J :

| |

| " i

) |

| |

} |

’ - :

; E 1345A

) !

: USER USER |

; PROCESSOR MEMORY ;

E E

: ! = Ao
: ] DMA CONTROL ! vector !
f INTERFACE DATA _g MEMORY
i USER INSTRUMENT i o )
e e e e e e e (OPTIONAL)

Figure 3-24. DMA Interface
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3-15. SMART INTERFACE.

This type of interface is intended for the user who
requires maximum display performance. Aninterface of
this variety is custom designed to maximize data
transfer from the user instrument input to display
output. These type of instruments are usually driven by
several microprocessors, each having a limited number
of tasks. A typical 1345A interface for this type of
instrument would contain smart hardware or a
dedicated microprocessor. This interface would control
refresh timing and data transfer to the 1345A. The user

USER INSTRUMENT

Operation

processor in the instrument would not need to handle
any data transfer tasks.It would be advantageousto the
user to have the interface utilize a high speed dual port
memory to minimize data transfers. Figure O 25
contains a block diagram of this type of interface. -
typical application for this type of interface would be a
Real Time measurement instrument. Typically the data
to be displayed is totally different each refresh cycle.
The obvious advantage of this type of interface is speed.
It is however, much more difficult to implement. The
memory board would probably not be a good choice for
this type of system.

I
|
J
‘ A !
5 MATH L'SER SMART | i 4 VECTOR |
| PROCESSOR — 4 MEMORY INTERFACE | i 4 MEMORY |
i | ) T !
| i
{ {
i _J i
! 1/0 i
170~ PROCESSOR o
| )
i | 1345A
| B {
! DATA USER L L
DATA-———1ACQUISITION PROCESSOR :
ACQ. | PROCESSOR ‘ |
E i
| [‘ |
| MEMORY i
EXTERNAL —+—— MANAGEMENT i
MASS ! STORAGE i
STORAGE : !
|

Figure 3-25. Example Smart Interface

3-16. OPERATION FOR OPTION 704.
3-17. DESCRIPTION

The 1345A memory option stores up to 4K, 16-bit
commands and refreshes the CRT, thus relieving the
user processor of data storage and CRT refresh
requirements.

VECTOR MEMORY

The memory option recognizes two commands for
programming. These commands are for data transfer
and memory address pointer manipulation. A data
transfer is either a read from or a write to the Vector
Memory. Address pointer operations are used for
positioning the data in the Vector Me ~ory list and
selecting a desired memory read addrr. .

Figure 3-26 shows where the Vector Memory fits into the
1345A architecture.

1345A INTERFACE

INTERFA !
: CE X,Y,Z(—-—:—- “““““““““ "
E output E :
| : VECTOR E
USER ) MEMORY [ ; 1345A
SYSTEM ! (OPT.704) 3
PROCESSOR | :
E ' A
' +
DIGITAL -,125 .
DATA L5V

Figure 3-26. Vector Memory Interface (Option 704)
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The user processor can send all picture-producing data

to the Vector Memnory at one time. The Vector Memory
will then continuously refresh the display screen by
redrawing the picture at regular intervals. This reduces
overhead time for the user processor.

The user processor can access any address in the Vector
Memory via the Vector Memory address pointer. This
allows selected portions of a picture to be changed or
sent back to the processor for checking or processing.

The Vector Memory alsc has a feature whereby the user
processor can suppress portions of the picture (such as
graticules or labels). Suppressed information is not
erased from the Vector Memory. Thir is done by having
the Vector Memory do an internal jump past the data
that is not to be digplayed. Suppressed data can be made
part of the picture by using only a few user processor
commands, thus reducing overhead time.

Vector Memory digital interface consists of:
1. A 16-bit bidirectional Data Bus.
2. A Read signal line LRD (input).
3. A Write signal line LWR (input).

USER INSTRUMENT
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4. A Device Select signal line LDS (input).

5. An Acknowledge signal line LACK (output - useis
optional).

6. An External display Synchronization signal line
SYNC (input - use is optional).

These signal lines are all explained under Signal Line
Definitions. Timing diagrams for user processor
interfacing are shown after Signal Line Definitions.

NOTE

When the 1345A is equipped with the Vector
Memory, the 2-wire handshake (LRFD &

LLDAV) is not used. The signal lines used are
LRD, LWR, and LDS.

3-18. VECTOR MEMORY MANAGEMENT.

Using the memory option (704) in a 1345A system
requires some additional considerations not necessary
with ¢ standard 1345A. Figure 3-27 contains an example
instrument block diagram with the memory option

installed.

r-~_”--“------"--~--=
SENSORS ' 1345A - 2ONTROL
| DATA
TRANSDUCERS ~ INTERFACE '
eTc. | | ACOUISITION o T— |

| ﬁi.ulr.w.’ 1345A
| '
' DATA | CONTROL :
| ' ' |
| |
| USER I
| PROCESSOR !
| [
| )
'ﬂﬂﬂ-n-ﬂ—‘ﬂ-ﬂ—-n-ﬂm-i-'

Figure 3-27. Example Instrument With Memory Option 704

The main advantage of the memory option is that it
relieves the user processor from the task of display
refresh. However, effective use of the memory option
requires that the user have a memory management
scheme for data transfer to and from the Vector
Memory. An example memory map is shown in figure 3-
28.

The memory map example has six data fields that can
be displayed. The link in front of each data block
contains a no-op and a jump command. A no-op is a zero
word. This is equivalent to a plot X=0 command. If a
picture data block is to be suppressed. then the link in

3.18

front of that block will contain a jump ~ddress to a no-op
of another link. If vector data contained in the data
block is to be displayed, then the jump address will be
the starting address of the data block. To alter the status
of a block of picture data, the user processor needs to
position the memory address pointer to the address of
the link to be modified and write a jump command into
the link with the new jump address. To alter data, the
Vector Memory address pointer needs to be positioned to
the starting address of the data block and the user
processor then writes the display data into the Vector
Memory. The length of each segment needs to be greater
than or equal to the maximum amount of data to be
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displayed from that segment. The user processor must
insure that the data within each block is initialized and
maintained so that erroneous data is not left in the data
block when a new and smaller set of data is stored. The
user can manage each block by putting a jump
command at the end of the data that jumns tothelink of
the next data block. It is recommended that the user
write a no-op into address 4095. Then 4095 can be used as
a jump address from data blocks. Thie will also provide
an easy method to use synchronous refresh. It should be
noted that jumps can be forward or reverse within the
Vector Memory.

4K BY 16 BIT MEMORY MA?

0 NO-OP |

LINK 3

GRATICULE j

NO-OP

LINK 2

ANNOTATION #1

NO-OP

LINK 3

ANNOTATION #2

NO-OP

LINK 4

SOFT KEY
LABELS #1

NO-OP

LINK 5

SOFT KEY
LABELS #2

NO-OP

LINK 6

DATA TRACE

JUMP 4095

..[ UNUSED MEMORY =~

4095 r NO-OP

Figure 3 28.
Example Vector Memory Map

Operation

3-19. READING THE VECTOR MEMORY.

The data contained in the Vector Memory can beread by
the user processor. This data may be used for additional
data processing, external hard copy plotting, etc. This
feature allows the user ‘o read and verify the contents of
the Vector Memory. This feature is activated by setting
the LRD line to a iow state while DS is low and reading
the contents of the 1345A 16-bit data bus. The user needs
to set the Vector Memoryv address pointer to the desired
memory address and start the read process.

3-20. DISPLAY PERFORMANCE CONS'OERA-
TIONS.

To obtain optimum performance from the 1345A Digital
Display, there are a few performance parameters that
need consideration. These are refresh rate, picture
romplexity and vector data rate.

3-21. REFRESH.

3-22. Introduction.

Each time that the picture is redrawn by the 1345A, the
display is refreshed. This prevents the phosphor light
output from expiring.

The Vector Memory sends its data to the 1345A
(independent of the user processor) each time that the
picture i8 to be drawn on the display.

The Vector Memory outputs its data to the 1345A either
via synchronous or asynchronous operation.

a. Synchronous Refresh Mode.

Synchronous refresh mode is entered when the Vector
Memory encounters an Internal Jump to 4095 after it
has sent the picture to the 1345A.

In synchronous mode, the Vector Memory waits until a
synchronizing (sync) pulse occurs before it will begin its
next data output cycle to the 1345A.

The sync pulses can be either internal or external (set by
moving a jumper located on the vector memory board).

Internal Sync: an on-board oscillator provides sync
pulses at approximately a 60 Hertz rate.

External Sync: sync pulses (TTL) are supplied from an
external source in the user system via the SYNC input
signal line.

After the Internal Jump to address 4095 is executed, the
Vector Memory waits until the next sync pulse before it
will start a new refresh cycle.
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b. Asynchronous (free-running) Refresh Mode.

There are two cases where the Vector Memory overrides
the sync pulses and refreshes the display asynchronously
(in a free-running, continuous manner).

The first case is when the picture cannot bedrawn in the
time interval between sync pulses. When this occurs,
sync pulses are ignored. Refresh rate is controlled by the
time rec-ived for the Vector Memory to send all its data
to the .. ‘5A. Since longer vectors take more time to
draw, the 1345A prevents the Vector Memory from
sending its next word (to the 1345A) until the current
vector is done.

(1) Synchronous refresh example (Jump to 4095 after
picture).

Syne
pulses

Model 1345A

The second case where the sync pulses are ignored
occurs when Vector Memory address 4095 is reached
during refresh without an internal jump to 4095. It is
therefore recommended that the Vector Memory be
made to jump to address 4095 at the end of picture data
in order to minimize time between refresh cycles.

This sync override feature allows all simple pictures to
be displayed at an even brightness (say 60 Hertz refresh
rate), and complex pictures to be displayed at a level of
brightness that depends only on the timeit takestodraw
the picture on the display.

Picture A
drawing time

Picture B

Pictures A and B will be displayed at an even brightness

wait time —

start redrawlng

drawing time

start redrawing

(sync rate = refresh rate) even though picture A requires

- less drawing time.

Figure 3-29. Synchronous Refresh Example
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(2) Asynchronous refresh example:

Sync
pulses

<3 picture C

ﬂ

picture D

Operation

start redrawing

drawing time

U

Jump to 40895

start redrauwing

drawLng t ime

wait time while Vector Memory
Lncrements to address 4095
(no jump) slows refresh rate

Figure 3-30. Asynchronous Refresh Example

3-23. PICTURE COMPLEXITY.

The degree of picture complexity is a direct function of
the TOTAL LENGTH of vectors drawn on the 1345A
display. Since ALL data to be displayed should be
transmitted to the 1345A 60 times a second, three
performance parameters require attention. These are
the vector writing speed, average vector length, and the
number of characters to be displayed.

The 1345A has the capability of drawing vectors at
several writing speeds. Writing speed is d~fined as the
speed at which the beam ig¢ deflected across the CRT
screen. The 1345A has the capabilities contained in
figure 3-31, which compares writing rpeed and
maximum total vector length which the 1345A can draw
at a 60 Hz refresh rate.

WRITING SPEED

=/uSEC
Jo00" . 8
2s00° } 1 ]
a .15 /7uBEC
"
[ ]
& 2000 1 +
w
]
x 1°/udEC
x 1500
[y
R
[ ]
$
" »
® 4000 F
§ .05°/uSeL
| o ]
§ 500° 4 } { i -
5 1 1
™
CONDITIONS e’ - L -
' 1% .3 .8° i 2° 3" 4

REPFRESH=16.C7aSEC

VECTOR LENGTH

Figure 3-31. Vector Length vs Writing Speed for 60 Hz Refresh Rate
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'The specified number of vector inches in figure 3-31 can
be written with a refresh cycle time of 16.67 ms. This is
the refresh cycle time for a 60 Hz refresh rate. Additional
refresh frame time is required when text is adaded to the
vector display. Many applications will requirethat some
text also be written on the screen. Figure 3-32
summarizes the capabilities of the 1345A for various
text and vector length combinations.

The data shown in the table, in figure 3-32, was
genercted using the equations in figure 3-33. To generate
data for other writing speeds and character combinations,

Model 1345A

inser. the appropriate values of the variables into the
equations and calculate the time it takee to draw each
portion of the picture.

Generating a complex picture requires knowledge of the
number of vectors required. Two pictures will be used as
examples that have quite different appearances. These
two pictures are shown in figures 3-34 and 3-35. The
methods used to generate these pictures will be
discussed to give the user an idea of what is involved in
generating such a picture.

Conditions.

1345A writing speed: 0.1 in./usec
Vector dead time: 1 usec

Average character drawing time: 16 usec
Recommended refresh rate: 60 Hz ~ 16.6 msec

NUMBER OF CHARACTERS TO BF DRAWN

0
Total frame time (msec) 16.67
Character writing time 0
(msec)
Time left to draw vectors 16.67

(msgc)

100 200 300

16.67 16.67 16.67
1.60 3.20 4.80

15.07 13.47 11.87

AVERAGE VECTOR

LENGTH APPROXIMATE NUMBER OF VECTORS DRAWN
0.1in. 8330 7530 6730 5930
0.5 in. 2770 2510 2240 1970
2.0 in. 790 710 640 560
6.0 in. 270 240 220 190
Figure 3-32. 1345A Capabilities for Character and Vector Combinations
VECTOR LENGTH 1 us
VECTOR DRAWING TIME = +
M WRITING SPEED VECTOR
N M
PICTURE DRAWING TIME = I “oCTORLENGTH =~ _1s = ¢ 15
1

N = TOTAL NUMBER OF VECTORS
M = TOTAL NUMBER OF CHARACTERS

1 WRITING SPEED

VECTOR CHARACTER

Figure 3-33. Vector Drawing Time Calculations
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The first picture, figure 3-34, is representative of a
spectrum &analyzer display. This picture contains 750
vectors per data trace and 265 characters. There are 22
vectors in the graticule and 1500+ in the data iraces. By
using the tablein figure 3-32 the 1345A can display up to
1970 0.5 in. vectors at a writing speed of 0.1 in./us. In
these examples, the writing speed is set at 0.5in./us. At
that writing speed and an average of 0.1 in. per vector,
the 1345A can draw up to 3956 vectors and up to 300
characters. This trace has 1500+ vectors and 265
characters. The 1345A could draw over twize as many
vectors as shown in this example within the 16.67 ms
refresh cycle time.

L ety A e R R RS R Y e R ai

Operation

Thne second picture, figure 3-35, is representative of a
“SMITH CHART” display. There are 528 vectors in the
graticule and a total of 133 characters used for
annotation. The graticule in this picture is more
complex and requires more vectors. Notice that the
vectors in this graticule are very short and give the
appearance of a curve. There are 150 vectors in the trace.
These are also very short vectors and give the
appearance of a curve. The vectors were drawn at a
writing speed of 0.5 in./us. The 1345A can draw over
4400 0.1 in. vectors and 200 characters within a 1¢.67 ms
refresh cycle time. In this display, there area total r7¢78
vectors and 133 characters. The 1345A ccuid draw aver 7
times as many 0.1 in. vectors and up to 200 characic:c
and still satisfy a 60 Hz refresh requirement.

Figure 3-34. A Spectrum Analyzer Presentation

Figure 3-35. A Srnith Chart Presentation
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In figure 3-36 there are two additional examples of 1345A instrumentation displays.
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3-24. VECTOR MEMORY READ AND WRITE SIGNAL
TIMING SPECIFICATIONS.

READ COMMAND TIMING

—- S = 7T HICH
o L HIG
— - - TTLLOW
_—p-l ’4»-— Tdss —F’ Tdsh f"'
| — o R —
— R . TTL HIGH
[LRD
e Tr -
l l
e ___,_MJ L_ .................. TTL LOwW

e e a1 e —— ey | | SRR————— O T h S
\ / \ //

\_,... S / N — TTL LOW

i-q- Tohap'
I . e e oot [—m R = e TT W] GM
— - TTL LOW
ll.‘__.. = 'y [ o' RSSO R—
M1349320°2
Tdss — Device Select Setup Time ........ 0 nsec min
Tdsh — Device Select Hold Time ........ 0 nsec min

Trcy — Read Cycle Time (ACK not used) 394 nsec min
(ACK used) 402 nsec min
Trd — Read Pulse Time (ACK notl used) 319 nsec min
(ACK used) 327 nsec min

Tac — Read Access Time .............. 319 nsec max
Tdh — Read Data Hold Time ........... 11 nsec min
Tah — Acknowledge Hold Time ........ 17 nsec min

82 nsec ma»
Tack — Acknowledge Delay Time ..... 327 nsec min

459 nsec max
NOTE

Display refreshing is inhibited when LRD is
low.

Figure 3-37. Read Con mand Timing
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o - SAFETY SUMMARY

The following generai safety precautions musi be cbssrved during ail phases of operation, service,
and repair of this Instrument. Fallure to comply with these precautions or with specific warnings
eisswhere In this menuasl violates safely standerds of design, manufacture, and Intended usa of the
instrument. Hewlett-Packard Company sssumes no /abllity for the customer’s fallure to comply
with these requiremonts.

GROUND THE INSTRUMENT.

To minimize shock hazard, the instrument chassis and cabinet must be connected to an electrical
ground. The instrument i1s equipped with a three-conductor ac power cable. The power cabie
must either be plugged irnto an approved three-contact electrical outlet or used with a three-contact
to two-contact adapter with the grounding wire {(green) firmly connected to an eiectrical ground
(safety ground) at the power outlet. The power jack and mating plug of the power cable meet
International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE.

Do rot operate the instrument in the presence of Hammable gases or fumes. Operation of any
electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnel must not remove instrument covers. Compcnent replacement and internal
adiustments must be made by qualified maintenance personnel. Do not replace components with
power cable connected. Under certain concitions, dangerous voltages may exist even with the
power cable removed. To avoid injuries, always disconnect power and discharge circuits before
touching them

DO NOT SERVICE OR ADJUST ALONE.

Do not attempt internal service or adjustment unless another person, capable ot rendering first aid
and resuscitation, is present.

USE CAUTION WHEN EXPOSING OR HANDLING THE CRT.

Breakage oi the Cathode-ray Tube (CRT) causes a high-velocity scattering of glass tragments (implosion).
To prevent CRT implosion, avoid rough handling or jarring of the instrument Handling of the CRT shall
be done only by qualitied maintenance personnel using approved safety mask and gloves.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT.

Because of the danger of introducing additional hazards, do not install substitute parts or perform
any unauthorized moditication of the instrument. Return the instrument to a Hewiett-Packard
Sales and Service Oftice for service and repair to ensu:2 that safety features are maintained.

DANGEROUS PROCEDURE WARNINGS.

Warnings. such as the example below, precede potentially dangerous procedures throughout this
manual. Instructions contained in the warnings must be followed.

I WARNING I

Dangerous voitages, capable cf causing death, are present in this instrument.
Use extreme caution when handling, testing, and adjusting.
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Tdss — Device Select Setup Time ....... . ‘0 nsec min
Tdsh — Device Select Hold Time ...... .. 0 nsec min
Tcy — Write Cycle Time ........... ... 565 nsec min
Twe — Write Command Active Time .. 360 nser min
Tds — Data In Setup Time .............. 0 nsec max
Tdh — Data In Hold Time ............. 50 nsec min
Tack — Acknowledge Delav Time . .... 327 nsec min
459 nsec max

Tah —- Acknowledge Hold Time ........ 17 nsec min
82 nsec max

NOTE | .

Display refreshingis inhibited when LWRis low. )

Figure 3-38. Write Command Timing
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3-25 PHOGHAMM‘NG - ~ An internal jurnp does not affect the Vector Memory
R | address pointey. |

Wlth Cntion 704 installed, all comniands from the user |
‘processor go to Vector Memary. Figure 3-26 is a block

diagram of this configurstion. A Vector Memory

Command is defined as a Read or Write operation’ M88 L8B
initiated by the user processor. ® M15 M14.7413 M12 M11 M10 M0 M8 257 M6 M5 M4 M3 M2 M1 MO

1 0 X X AllA.iGA9A8A7A5A5A4A3A2A1AO

f o X=DON'T CARE
1. WRITE OPERATION.
M15=1, M14=0: Iniernal jump to vector address specified by
The Write Operation allows the 16 bits on the data bus to All thru AQ during refresh.
be written into either the Vector Memory or the Siddress
Pointer. A Vector Memor ¥ Word can be either a Picture

.+ Data Word or an Internil Jump Word. POINTER INSTRUCTION. When bits M15 and Mi4

are both high, then data bits M11 Through M0 designats
PICT”RE DATA WOR D. When blt M15 is set low, the the addréss to which the Vector Memory Address

. other. 15 data bits (M".4-M0) must conform with the Pointer will move. The value in the pointer register
s 13451% Commands iovered earlier in this document specifies the next address in Vector Memory that will be
3 B under Data Bit Dﬁ‘f'llf ions fcor 1345A Commands. written into (0(’ read from; by the processor.
PO o 3 s | |
:‘ S M&#B : g8 The pointer increments to the next Vector Memory
o et 115 M14 M13 M 2 MH ,,‘w ”g ,“ M7 M6 MS M4 M2 M2 M1 MO address siter each resd or write operation commandsd

fm-—-—m

B ‘B14 B13 312 B B10 B9 B8 B7 B6 B5 B4 B3 B2 B] RO
'(SEE DATA 5" m;} INITIONS FOR 1345A COMMANDS. )

by the user processor.

' When the dmpl&y i/ refreshed, this dma is sent from the MSB LS8

i Y Vector, Memory to the 1345A for veciur and/ or chiaracter M5 M‘M MW M12 M11 420 M9 M8 M7 Me MS M4 M3 M2 M1 MO

gen@mmm Displijy refresh is accomplished -vithout ,
attention from the user processor once the picture has L 1 X X AITALGA9 ABATAG. "““‘” A4A3A2AL AD

~been lc naéd into V ector Memory. The Write Operation is X=DON"! CARE,

controlled by the handshake sequence as presented iy
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