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Table 3-4. Typical Specifications for English/Metric Pulse Qutput System
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3.9 10781A Pulse Converter

The 10781A Pulse Converter is the simplest method of getting useful information from the
Laser Transducer to external equipment. A typical system contains the following electronic

egquipment:

a. A 5501A Laser Transducer.

b. Two 10780A Receivers.

c. Two 10781A Pulse Converters.

d. Two power supplies {£15V and +5V).

3-12
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The 10781A Pulse Converter (Figure 3-7) converts the measurement and reference signals to
pulses that can be counted by an external counter. The output consists of up/down or A-Quad-

B pulses of 1/4-wave length value. Refer to the unit manual for additional information and

specifications.

Reference Signal

Measurement Signal

Up/Down or
A-Quad-B

- Pulses to
External
Equipment

1 10780A

Receiver =

From Optics M0 ierr:(/ MRS

Figure 3-7. 10781A Pulse Converter Electronics Block Diagram

3?1@ DETAILED THEORY OF OPERATION

The detaiied theory of operation is subdivided as foilows:

550TA Laser Transducer,

10780A Receiver.

10740A Coupler.

10745A HP-IB Interface.

10746A Binary Interface.

10760A Counter.

10762A Comparator.

0764B Fast Pulse Converter.

0761A Multiplier.

0781A Pulse Converter,

10763A English/Metric Pulse Output.
10755A Compensation Interface.
10756A Manual Compensator.

5510A Opt 010 Automatic Compensator.
10783A Numeric Display.

5501A Power Supplies,

i

WO D E A = D0 0 Q0 O
b

3.11 5501A Laser Transducer

The 5501A Laser Transducer {laser head) is the source of the laser light for the system. The
laser head package meets the NEMA-12 standard for industrial packages. figure 3-8 is the
laser head block diagram.

The laser tube has the advantages of very long life-time, instant-on service, and automatic
tuning. It is a two-frequency laser source; that is, the laser beam contains two components at
slightly different frequencies, polarized at right angies to each other. The frequency split is
about 2 x 10 Hz, compared to the laser frequency of some 10'* Hz, and is produced by an
axial magnetic fieid which causes Zeeman splitting in the energy levels of the laser medium
(helium-neon gas). |

3-13



3-14

Laser Beam

S Sampler. -
Reference
e S S R Signal
Current W HV . B - PZT e | Lock- - B
Signal
- Supplyi
+15 Vde In  SRiLhUEE 5T Manual
+15 Vde Qut
- Biagnostics: e Diagnostic
: s Status Lines

- Indicators.

Figure 3-8. 5501A Laser Transducer Block Diagram

The laser system measures displacements by looking at the Doppler shift induced by the motion
of the displacements. Both frequencies of laser light come from the laser head to the interfero-
meter, where they are separated optically. One of the two frequency components is directed
to the object whose motion is being measured. There it is reflected by a mirror or retroreflec-
tor (cube-corner) and returned to the interferometer. The effect of the motion is to cause a
Doppler shift in the frequency of the reflected component. The two laser light components
now differ in frequency by the original frequency split plus or minus the Doppler frequency
shift. By integrating the total positive and negative excursions in the difference frequency,
the system can find the net displacement in wave lengths of laser light.

The primary advantage of the two-frequency “ac” measurement system is its large dynamic
range. For example, in the laser transducer system, the nominal output power is 120 micro-
watts, but the power returned to the laser receiver can be as low as four microwatts and the
laser will continue to operate the system. The 5501A Laser Transducer System takes advant-
age of this wide dynamic range by moving the receiver from inside the laser head, where
space considerations would limit the number of receivers, to the outside world. As a resuls,
a single laser head can drive up to six linear measurement axes. Furthermore, the remote
receivers can be mounted wherever most convenient; the laser light need not be returned to

the laser head.

The laser head provides TTL-logic-level diagnostic signals that indicate the status of its auto-
tune circuit and supply voltages to the system controller. Eight rear-panel light-emitting
diodes give the same information in visible form. A RETUNE pushbutton provides for manual
tuning whenever the laser exceeds its auto-tune range. The same function can also be com-

manded by an external controller.

For additional information and schematics, refer to the 550TA Laser Transducer Operating
and Service Manual.



3.12 10780A Receiver

The 10780A Receiver (Figure 3-9) converts the Doppler-shifted laser light into electrical sig-
nals that can be processed by the rest of the laser system. The receiver contains a photo-
detector, an amplifier and level translator, a line driver, a level sensor (comparator), and

local volitage regulators.

A iens on the front end of the receiver focuses the laser light onto the active chip of a silicon
PIN photodiode. Between the lens and the diode is a small piece of polarizing material oriented
at 45 degrees to the horizontal and vertical axes of the receiver. When the receiver is mounted
properiy—vertical axis parallel or perpendicular td the axes of the laser head—the polarizer
passes one-half the incident power from each of the two incoming orthogonally polarized
components of the received laser beam. The resulting power on the photodiode chip is an
amplitude-modulated sine wave; its frequency is the Doppler-shifted split frequency, and its
amplitude is proportional to the product of the incident powers of the two orthogonal com-
ponents. The photodiode generates an ac current, which is converted to an ac voltage at a
frequency of 100 kHz to 5 MHz.

+10V

Overioad
Centrol

Photodiode
Len

Ditferential
e =55 : Gutpul Signal
Amplifier il +ine B >
> e
- Shitter: Brwer ! I‘ >

+B2V

Beam
_ Capture
> ENT ST LED
_Enmpargt_ur_- B :

eference External
= £

L i
i _W 6 Level Test

Point

Figure 3-9, 10780A Receiver Block Diagram

The detected signal voltage goes through a stage of impedance transformation, two stages of
voltage gain, and a stage of level translation. The resuit, a TTL-level signal, goes to a TTL
differential line driver, which is ac-coupled to the rest of the 55071A system by a shielded
twisted-pair cable. The output of the line driver is a differential square wave at the Doppler-
shifted split frequency (measurement signal).

The level sensor (comparator) disables the line driver unless the incident laser power is four
microwatts or more.
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The receiver enclosure is designed to meet NEMA-12 standards for industrial packages. The
receiver is mounted by its two aluminum end caps. Four plastic spacers {part of the end caps)
separate the receiver case from its mounting plate and allow full air circulation around the
receiver to carry away the heat it generates {nominally two watts). By using Nylon mounting
screws, the entire receiver is electrically isolated from its mounting plates breaking any
ground loops. This can be important when there are large electrical transients in the dc
power lines or large ac ground currents running through a machine.

For additional information and schematics, refer to the 10780A Receiver Operating and Service
Manual.

3.13 10740A Coupler

The 10740A Coupler serves as a housing and communications facility for the other electronic
modules of the Laser Transducer System. Figure 3-10 shows the- inputs and outputs to the dif-
ferent modules. Electrical interconection of the modules is provided by the 86-pin connectors
on the coupler’s printed circuit backplane. The other system modules are plugged into the back-
plane connectors. The coupler has no internal power supplies, but supplies power to the modules
from external power supplies connected to a barrier strip on its rear panel. Three dc voltages
are required: +5V, +15V, and ~15V. (The 15V is required only if the 5510A Opt 070 Automatic
Compensator is used in place of the 10756 A Manual Compensator or if the system includes 107648
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 Figure 3-10. 10740A Coupler Backplane Signals

Numerical data is transferred between cards over a 28-bit parallel data bus on the coupler
backplane. Binary coding is used. A four-bit-wide bus carries decimal point position infor-
mation, and another four-bit bus carries error flags that indicate the existence of conditions
that might make the data invalid. Associated with the data, decimal point, and error flag lines
is a status line called Binary Data Valid (BDAV).



Instructions are sent from card to card over an eight-bit-wide instruction bus and two status
lines called Instruction Valid (INSV} and Operation Complete (OPC). Instructions consist of
two parts: a four-bit alpha address and a four-bit numeric command. Each card in the system
has its own address, fixed in some cases and selectable by means of jumpers or switches in
others. The modules and their addresses are:

Module Address
JO745A HPSIB IRTOTEBEB: v a v s oleis o wwii s s 406 S0l S aiad st s, sowss am- om0 546 516 m s o0 2 O
RDTREA BTN DT o o movstssPoin s S 8 S B B o macin e e sd p
10755A Compensation Interface ........cioiiiiinniiiivrenercrnonnesnneenens V
10760A General-Purpose Counter ......viiiininnninnrenennnnnes X,Y,Z,A,B, or C
TOTB TP INEHIEDIBE .. covo s 605wt om0 AT i 8 A 0 i b A b RO M
10762A Comparator ......ccovnvvueen. SRS, 5 S ST TS O 2 T N S R T XY, ZAB, orC
10763A English/Metric Pulse OQutput ... ..o iiiiie i, XY ZAB, orC
TO764B Fast Piilse CODVOTIBE iins rive.s i s e nim s aisis st e s a5 v XY Z:A:B, 0r €

In general, a particular numeric command aiways has the same meaning. However, different
modules respond differently to the same command. An important concept here is that of im-
plied talkers and listeners. |

One way to handle communications in a bus-oriented system is to address one module as talker
and one or more modules as listeners. This requires two modes of operation, one for addressing
and one for data transfer.

For example, we can make the instruction lines separate from the data lines and agree that
all modules will continuously monitor the instruction lines, looking for and reacting to only
those instructions that concern them and ignoring those that do not. This means that a partic-
ular instruction will have any of several meanings, depending upon a particular card’s point
of view.

As an example, consider the instruction “2X"”. The address portion is “X”, which could desig-
nate an X-axis counter card in the system. From the point of view of the X-axis counter the in-
struction “2X” means that it should enable its data output buffers, its decimal point position
code drivers, and its error flag drivers to the 10740A backplane and set the Binary Data Valid
line true. To a 10745A HP-IB Interface card it means load this information into your data re-
gister, decimal point code register, and error flag register, and issue a service request (SRQ)
if there has been an error. To a 10767A Multiplier, however, it says take the data being output,
multiply it by the laser light wavelength corrected for changes in the index of refraction of
air, and store the result. The X-axis counter card was the implied talker and the muitiplier
and /O card were the implied listeners. It was not necessary to address the counter as a
talker or the 1/0 and muitiplier as listeners. |

There are four lines on the 10740A backplane that are dedicated to particular functions and
always have the same meaning. Two are nonaddressed commands and two are status lines.
System Reset is the command to initialize to some starting condition. This command is gener-
ated by the interface modules during power-up; it can also be sent by the system controlier.
Synchronous Sample is the command to take present displacement information and load it
into output buffers. it is used to get a simultaneous sample from all axes. A-Mode is a status
code from counters and comparators, indicating to the multiplier card whether quarter-wave
(A/4} or eighth-wave (A/8) resolution is being used in the system. System Null is a status
code from comparators, indicating the system has arrived at the required destination. For
additional information and schematics, refer to the 10740A Coupler Operating and Service
Manual,
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3.14 10745A HP-IB Interface

The 10745A HP-IB Interface is an appropriate laser transducer input/output (1/0) module for
any system controiler that is compatible with the HP Interface Bus (1EEE Standard 488-1875). Such
controllers include Hewlett-Packard Models 9815A, 9820A, 9821A, 9825A, 9830A, 9835A, and
9845A Calculators, HP 2100 Series Computers with the 59310B /0 card, or any HP-IB compatible
user-buiit controller. Figure 3-11 is a block diagram of the HP-I1B card.
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The HP-IB card can operate as either a talker or a listener on the HP-1B. As a talker, it has two
modes of operation. First, when addressed to talk, it outputs a string of nine ASCli (American
Standard Code for Information Interchange) numeric digits followed by ASCII carriage re-
turn (CR) and line feed (LF) codes. A decimal point, also in ASCII, can occur anywhere in the
string of digits.

The HP-IB card’s second mode of operation as a talker is related to the service request capa-
bility and the serial poll mode. When an error in the laser transducer system is noted by any

card, the card involved stores the occurrence in a buffer. When that card is instructed to output
its data, it also outputs the contents of its error buffer, This error information is loaded into an
error register on the HP-1B card and can only be cleared with a reset command. The presence
of the error condition causes the HP-1B line called SRQ to be set true. The controller should be
programmed so that, when it recognizes this condition, it executes a serial poli, that is, it un-
talks and unlistens everything on the bus, then addresses itself to listen and sends the universal
command SPE {Serial Poll Enable). Then it begins polling devices on the HP-IB capable of
responding to SPE by sequentially addressing them to talk. Responding to serial poll, the
HP-1B card outputs an eight-bit status byte. The controller takes the decimal value of the
status byte and examines it to see if bit 6, the service request bit, is set or not. If it is, bits 0
through 3 are examined to see what combination of errors has occurred. The controiler may
then send a reset command to clear the error register of the HP-IB card.




||||||||||

As a listener, the HP-1B card receives a four-bit-wide command and a four-bit-wide address
and combines them into an eight-bit-wide instruction that is sent out over the instruction bus
on the backpiane of the coupler. Each time its address buffer is loaded, the HP-iB card sets a
backplane line called Instruction Valid {INSV) to the true state to inform cards in the coupler
to look at this instructicn. Whenever INSV is true, the HP-IB card will not aliow new data to
be loaded into its command and address buffers. It sets the HP-IB Not Ready for Data (NRFD)
line low whenever INSV is true and it is addressed to listen, This informs the talker on the
HP-IB that the HP-IB card is not ready for data.

|

!
There are two algorithmic state machines (ASM) on the HP-IB card. They operate essentially
independently but because they share some common circuits they do not operate simultane-
ously. One ASM controls the binary-to-BCD converter and the other controls the talker
function.

Whenever an output instruction for another card occurs on the coupler’s instruction bus, the
HP-IB card takes the binary data, the decimal point position code, and the error flags that
are put on the backplane as a result of the instruction and loads this information into its input
data register, its decimal point register, and its error bit register, respectively. Then if a con-
version instruction occurs, the conversion flip-flop is set and a signal is sent to the coupler
backpliane indicating that the instruction need not be held. The output of the conversion flip-
flop is logically ANDed with a signal from the talker ASM signifying that it is not presently
talking. The result is a qualifier input to the converter-control state machine. When this
qualifier goes true, the converter-controi state machine starts through its sequence of clocking
the binary-to-BCD converter and loading its output into a random-access memory. Once
started, it proceeds on its own until the conversion is complete, at which time it clears the
conversion flip~flop.

The binary-to-BCD converter takes the 28-bit binary word in the input data register and, each
time it receives a clock pulse, outputs a four-bit BCD character, This conversion takes place
least-significant bit first to most-significant bit last. The 28-bit binary word transiates a nine-
character BCD word and therefore it takes nine clock pulses to compiete the conversion.

Before clocking the converter each time, the converter-control ASM checks to see if the RAM
address counter output agrees with the decimal point position code stored in the decimal point
register. If it does, the converter is not clocked but the RAM address counter is advanced one.
This leaves a space in the data string for the decimal point.

The converter-control ASM is clocked by a two-phase clock with a frequency of 3.33 MHz
+20%. Thus the time required for a complete conversion of the 28-bit parallel binary number to
a nine-character BCD number with decimal point information is between 7 us and 10.5 us. The
typical value is 8.4 us. To date, there is no controller that can call for a conversion and issue a
second command before the conversion is finished. But just in case one is built, the converter-
control ASM and the talker ASM are interlocked so they will not try to operate simuitaneously.
In addition, the HP-IB card will hold up a data transfer on the bakcplane until it finishes con-
verting the number. To take the converted data in the RAM and transfer it to the controller,
all that is necessary is for the controller to address itself to listen and the HP-IB card to talk,
and put the HP-IB into the data mode (ATN false). When this happens the talker ASM takes
the four-bit-wide BCD data in the RAM, adds to it three additional bits to make it seven-bit
ASCII, and outputs it on the HP-1B. The talker ASM monitors the NRFD line and the NDAC
line on the HP-IB and drives the DAV line in accordance with the rules of the HP-IB. For
additional information and schematics, refer to the 10745A HP-IB Interface Operating and
Service Manual.
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3.15 10746A Binary Interface

The 10746A Binary Interface {Figure 3-12) is the appropriate input/output (1/0} interface for
a wide variety of computers and controilers that require an 8- or 16-bit binary inierface.

The binary interface transmits data to the controlier in the form of two 16-bit binary words.
There are 16 lines for data output, so all 16 bits may be transmitted in parallel. Alternatively,
only 8 lines may be used and the data sent as four 8-bit words. Data from the controller is sent
to the interface card in the same format, using either the same lines or a separate set of tri-
state buffered lines that are turned off during data output from the card.

Instructions come into the binary 1/0 card in the form of eight-bit words on the same lines
as data.
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Figure 3-12. 10746A Binary Interface Block Diagram

The transfer of an instruction or data word is controlied by a command line, which indicates
to the 1/0O card that the bit pattern on the input lines is valid information, and a flag line,
which indicates to the controller that the data bits have been accepted. When data is trans-
ferred to the controller the flag line indicates vaiid information and the command line indi-
cates data accepted, a convention common to many /O structures.

Because instructions and data share the same lines, the [/O structure has two modes of oper-
ation, called command mode and data mode. In the command mode, information from the
controller is clocked into an instruction register and placed on the system backplane as an
instruction to all the cards in the system, including the binary 1/0 card. The binary 1/0 card’s
controi logic then interprets the instruction from the backplane and performs the required
operation (if any). Once the instruction is clocked into the instruction buffer the controlier is
free to set up the next instruction even though the transducer system may not have completed
execution of the preceding one. This allows operation with a fast controller in an interrupt
environment.



There is a 36-bit data register on the binary interface card: 28 bits are used for binary data, four
bits are used as a decimal point location buffer, and four bits are used as error status buffers.
This register has two separate tri-state 1/0 ports, one for backplane input/output, and one
for controller input/output.

When an instruction is received from the backpiane to transfer data to or from the controller,
the control logic switches to the data mode. In the case of data input from the controller, the
data register is sequenced by the control logic so that each time valid data is available, that
data is clocked into part of the data register. if the card has been set {jumper selectable) for
16-bit words, the first 16 bits of data are loaded into the upper bits of the register with the four
most-significant bits being the decimal point location code. The next 16-bit word is loaded into
the remaining half of the data register and the control logic immediately switches back to the
command mode (error status bits cannot be loaded from the controller). if the card has been
set for 8-bit words, the first word is placed in the upper portion of the data register and again
the four most-significant bits are the decimal point location. Then three more data words are
accepted and placed in successively lower bit locations with the last word in the least-signifi-
cant eight bits. The control logic switches immediately back to the command mode after the

fourth word.

If data is to be sent to the controller, the sequence is the same except that the control logic
sequences the data register to put data onto the interface lines, most-significant word first.
[t an error has been detected, the upper four bits {decimal point bits) of the transmitted data
contain all ones to indicate that an error is being transmitted and the four status bits replace
the datz in the next four bits. This allows the same sequence to be used for error transmission
as for regular data transmission.

A iumper-selectable data-mode-only configuration causes the binary interface to ignore
commands from the controlier. It will still transfer data, however, so it can be used as an 170
device for some peripheral other than the system controller, For additional information and
schematics, refer to the 10746A Binary Interface Operating and Service Manual,

3.16 19760A Counter

The 10760A Counter is a general-purpose counter consisting of line drivers and receivers, a
resolution extender, a pulse converter, and a reversible counter (see Figure 3-173).
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Figure 3-13. 10760A Counter Biock Diagram
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The line receivers accept two differential RF signals, one from the laser source (reference
signal), and one from the remote receiver (measurement signal), and convert them to TTL
signals. The input signals are then amplified by the line drivers for use by other cards in the
system. For example, the reference signai must be sent to each counter card and must be
daisy-chained because the line impedance matching requirement and availabie line driving
power do not allow parallel connection. The measurement signal is aiso reproduced,-and may
be used for other signal processing, such as differential measurement using one measure-
ment signal at the reference input.

The resolution extension circuit allows a user to select normal resoiution of 0.16 micrometre
(6 microinch) or extended resolution of 0.016 micrometre (0.6 microinch) under program con-
trol. The only drawback of the resolution extender is the 1.2-inch-per-second slew rate limita-
tion imposed when resolution extension is in use. This is more than compensated for by the
real time extenstion in resolution and resulting increase in positioning accuracy.

After the measurement signal has been resolution extended (or not, depending upon program
control}, the measurement and reference signals are converted to displacement information
in the form of up/down puises, which are fed to a counter. This is done by the pulse converter
circuit.

The next functional block on the counter card is a 28-bit binary counter that counts the up/
down pulses from the converter to give total dispiacement information. The delay between a
position change on the measurement axis and a change in the counter is on the order of 0.4
microseconds depending on the length of cable between the receiver and the counter card.

In addition to these signal processing blocks, the counter card also has several control and
error functions. The error circuits constantly monitor the status of the counter and the con-
ditions of the reference and measurement signals at the input to the pulse converter. If the
reference signal is interrupted for more than 6 microseconds a reference error bit is set. If the
measurement signal is interrupted or becomes invalid because of excessive slew rate, a mea-
surement error bit is set. The error circuits monitor the frequencies of the two signals and set
the respective error bit if prescribed limits are exceeded.

The counter status error bit is set whenever the counter chain overfiows or underflows. This
error is recoverable, that is, it can be corrected by moving the retroreflector in the direction
opposite to that which caused the overflow or underflow until the condition is reversed. Thus
no counter information is iost. This is not the case for reference or measurement signal errors.
Should one of these occur, the measurement axis must be returned to some gage point to re-
define the zero point.

The control circuits interpret system instructions and cause the counter to perform the required

operation. Test functions are inciuded on the counter card to aliow the system controiler to
check the operation of the counter chain and error bits, the output butfer, and the pulse con-
verter clock, For additional information and schematics, refer to the 10760A Counter Oper-
ating and Service Manual.

3.177 10762A Comparator

In a comparator system, the 10762A Comparator cards, one for each axis, replace the generai-
purpose counter cards. A compensation interface card, a binary 1/0 card, and a fast pulse
converter complete the electronics package in the 10740A Coupler. Also required for each
axis are an external digital-to-analog (D/A) converter (not supplied with the system).



Figure 3-14 is a biock diagram of the comparator card. The heart of the comparator is a 28-bit
parallel subtracter with a built-in null decoder for the upper 24 bits. This circuit receives from
the 1/0 card a 28-bit digital representation of the object’s destination along one axis and stores
this information. It also receives and stores a four-bit tolerance code representing the degree
of precision required in positioning the object.
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Figure 3-14. 10762A Comparator Block Diagram

The act of loading the tolerance register and the destination register causes the digital output
to be forced to a null or zero difference regardless of the actual difference. This prevents the
servo stage from taking off in some uncontrolied manner as soon as the destination register
of the first comparator is loaded, and allows time for the comparators associated with the
other axes to be [oaded before allowing the system to move. However, this does not prevent
the subtracter from working. As soon as the destination register is loaded, the comparator
card begins to calculate the difference between the contents of a 28-bit-wide up/down counter
and the contents of the destination register. The difference appears at the input of the output-
driver/null-decoders.

To start the system moving, either a synchronous sample command or an addressed sample
instruction can be given. In addition to taking the present contents ot the up/down counter
and loading it into the comparator’s output buffer, these commands release the forced null
that was applied to the null decoder when the destination register was loaded. The digital
difference in sign and magnitude form then appears at the output of the comparator and is
sent to the externai D/A converter.

Under the influence of the drive voltage from the D/A converter the object begins to move
toward the desired location. This movement is sensed by the laser transducer and translated
by the pulse converter into up or down pulses. Fed into the comparator, these pulses cause
the contents of the up/down counter to change in a direction that brings it closer to the value
stored in the destination register. As this happens the digital difference between the desired
location and the actual position is continuously fed out to the D/A converter to drive the ob-
ject closer to the desired location. When the upper 24 bits of the up/down counter agree with
the upper 24 bits of the destination register, the output of a four-bit comparator comparing
the lower four bits of the difference output to the four-bit tolerance in the tolerance register
is examined. When the difference output is within the tolerance a nuil signal is issued both to
the outside world and to the coupler backplane. This null is wired on the backplane with the
same output from other comparators, This system null goes true only when all axes in the
system have achieved their desired locations within their individual tolerances. For additional
information and schematics, refer to the 10762A Comparator Operating and Service Manual.
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NOTE

See 10764B manual for differences between 10764A and 107648
cards. Power supply requirements, jumpers/switches, and oper-
ating temperatures are different.

3.18 10764B Fast Pulse Converter

The 10764B Fast Pulse Converter is used in a comparator-based computer interface system in con-
junction with a comparator card to increase the measurement resolution and velocity of the Laser
Transducer System. Refer to Table 3-3 typical comparator-based computer interface specifica-
tions for allowable resolution and maximum velocity specifications for specific interferometers.

The fast pulse converter (Figure 3-15) provides a means of converting the reference and measure-
ment signals from two axes to pulses that can be counted by the comparator card. The reference
and measurement signals are applied to signal reception and isolation circuits. These circuits con-
tain photo-isclation devices which convert the differential input signal pairs to single-ended
signals with ECL logic levels. Additional immunity to external noise is obtained by applying these
signals to Schmitt trigger circuits.

The resolution selection circuits allows resolution extension of the system by factors of 1through
15. The pulse generation circuits compare the inputsignals (derived from the incoming reference
and measurement signals) with respect to frequency and outputs a pulse for each 1/2 cycle dit-
ference between the reference and measurement signals, If the reference signal frequency is
higher, pulses occur on the down-pulse line; if the measurement signal frequency is higher,
pulses occur on the up-pulse line.

Error detect circuits monitor the incoming reference and measurement signals for extreme fre-
quency. If the frequency deviates from its nominal value by greater than preset limits, an error
signal is generated. The only instructions that the fast pulse converter responds to are reset error
bits and output error bits.

For additional information and schematics, refer to the 10746B Fast Pulse Converter Operating
and Service Manual.
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Figure 3-15. 10764A Fast Pulse Converter Block Diagram



3.19 10761A Multiplier

The 10761A Muitiplier card is used only with the English/Metric system. Its main purpose is to
perform the conversion of uncompensated fringe (quarter-wave) displacement data to either
metric units (in millimetres) or English units (in inches) for output to a controiler.

Figure 3-16 is a block diagram of the multiplier card. The input buffer accepts and holds data
available from the coupler backplane. This may be velocity-of-light information from a com-
pensation interface card (described later), displacement information from a counter card, or
any other applicable backplane data. The next part of the multiplier is a group of AND gates
used as data control for the magnitude data stored in the input buffer. These gates control the
add-shift/shift- only function {multiplication is accomplished by repeated shifting and adding).
From here the data goes to the adder-shifter section of the card. The inputs to the adder are
the outputs of the AND gates and the output of the accumulator. The resulting addition is fed
back tc the inputs of the accumulator, which is a 29-bit register. The 29th bit is an overfiow
bit used to indicate that the result of multiplication has a magnitude greater than 28 bits. The
multiplier register is a shift register that can be loaded from the accumulator or from a con-
stants ROM (read-only-memory) which contains all the conversion constants for the muiti-
plier. This shift register’s least significant bit controls the input buffer AND gates.

Besides the main adder there is a four-bit decimal point adder that handles the conversion of
the decimal point code for the appropriate measurement units. These circuits are directed by
the control logic, which interprets backplane instructions and controis the execution of indi-
cated operations. The controi logic has a 10 MHz clock, which allows a complete multiplication
in less than 5 microseconds.

Instructions recognized by the binary multiplier card include reset, English units, metric units,
velocity-of-light {VOL) output, counter output, and multiplier output. The VOL output in-
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Figure 3-16. 10761A Multiplier Block Diagram
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struction is interpreted by the multiplier card as an input operation. The VOL data is loaded
into the buffer and then muitiplied by the preselected units constant from the constants ROM.
The product is stored in the shift register for future use. This result represents a compensated.
units-conversion number for converting fringe displacement data from the counter cards to
the preselected unit of measure. For additional information and schematics, refer to the
10761A Muitiplier Operating and Service Manual.

3.20 10781A Pulse Converter

The 10781A Pulse Converter (Figure 3-17) is a quarter-rack size eiectronic module for 5501A
Laser Transducer systems which accepts the REF (reference) and MEAS (measurement sig-
nals and outputs displacement information in pulse or A-Quad-B format. The A-Quad-B out-
put is designed to interface to some hardwired controllers and other closed-loop systems
which contain reversible counters.
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Figure 3-17. 10781A Pulse Converter Block Diagram

Resolution of 10781A Pulse Converter output is one-quarter wavelength (approximately
6.23 x 10-% inches). If desired, pulse pairs may be generated to create an apparent resolution
of 1/8 wavelength. A pair of jumper wires allows seiection of either up and down pulses or
A-Quad-B format output; another jumper wire allows the pulse ocutput to be disabled in the
event of an error detection on the axis being monitored (error trip). The pulse converter is
designed to provide a simple method of converting the reference and measurement signals to
pulses that can be counted by a user’s counting electronics.

The reference and measurement signals are applied to signal reception and isolation circuits.
These circuits contain photo-isolation devices which convert the differential input signal
pairs to single-ended signals with TTL logic levels. Additional immunity to external noise is
obtained by applying these signals to Schmitt trigger circuits.



............

The pulse generation circuits compare the two input signals (derived from the incoming refer-
ence and measurement signals) with respect to frequency. The outputs from these circuits

are 40 ns pulses (one pulse represents 1/2 cycle difference between the reference and mea- |

surement signals). If the reference signal frequency is higher, pulses occur on the down-pulse
line; if the measurement signal frequency is higher, pulses occur on the up-pulse line.

Error detect circuits monitor the incoming reference and measurement signals for extreme

frequency excursions. If the frequency deviates from its nominal value by greater than preset

limits, a panel light illuminates and the two input signals are inhibited from passing to the
pulse generation circuits. These extreme frequency excursions occur when the system optical
devices are moved at too rapid a rate,.

For additional information and schematics, refer to the 10781TA Pulse Converter Operating
and Service Manual.

3.21 10763A English/Metric Pulse Output

The 10763A English/Metric Pulse Output card is the system controller for the coupler back-
plane. It issues instructions to the counter, muitiplier, and compensation cards, which con-
verts the incoming reference and measurement signals into compensated displacement infor-
mation in the form of a 28-bit binary number on the backplane. The pulse output card uses
this data to generate up-down or A-Quad-B signals representing total change in position.
Figure 3-18 is a block diagram of the 10763A. |
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The heart of the pulse cutput card is a 28-bit comparator, which compares the 28 bits of back-
plane displacement information with the contents of a 28-bit up-down counter. Should the
displacement number increase, the comparator enables up counts into the up-down counter
until its contents are equal to the displacement. These up counts (or down counts for a nega-
tive displacement) each represent 0.1 micrometre (10 microinches in the case of English units).
These same count pulses are routed through a divide-by-N counter that allows the scaling
factor to be selected by the user, so that each output puise can represent any even 10th micro-
metre from 0.1 to 25.6 micrometres {or 10 to 2560 microinches). A quadrature coding circuit
allows the user to select A-Quad-B output coding instead of the weighted up and down pulses.
The A-Quad-B output consists of two square waves in quadrature, with up/down information
supplied by their relative phase: wave A lags wave B for an upward displacement and vice
versa.

An aigorithmic state machine {ASM) controls the internal functions of the card and generates
the proper sequence of backplane instructions: synchronous sampile; counter card output;
multiplier card output; and return. If there are two, three, or more axes, the muitiplier card is
shared by the several pulse output cards, and control of the backpiane is transferred from one
pulse output card to the next in a regular sequence that is set during initial configuration,

A feature of the pulse output card is its ability to enter a preset number into the general-
purpose counter card. This is used to allow for environmental compensation of the deadpath
of the measurement axis. Deadpath is measured during machine installation and converted
to a code that is entered into switches on the pulse output card. During initialization, the con-
tents of these switches are preset into the up-down counter portion of the pulse output card.
At the proper time in the initialization sequence, the pulse output card sends a count up in-
struction to its assigned counter card. When the pulse output card counts down to zero, it
stops the counter, which now contains the deadpath, measured in quarter-wave fringe counts.

[t is necessary to preset the pulse output card to a displacement count equivalent to the fringe
count in the counter. This is easily done by causing the counter to output to the multiplier,
and the multiplier to convert the fringe count to a compensated deadpath displacement and
output it to the pulse output card. The pulse output card clocks this displacement into its 28-
bit data register, and begins a special up count to equalize the up-down counter and the data
register. During this time no pulses are sent to the external controiler. When the special up
count is complete the normal displacement data transfer begins. Should environmental con-
ditions change, the new compensation factor will operate on both the measured displacement
and the preset deadpath. This additional accuracy can be useful in some installations where
physical limitations make it impossible to reduce the deadpath to the desired absolute minimum.

During each data transfer the pulse output card currently in control of the backplane looks at
the four error lines on the backplane. Should one of these be true, an error latch is set and an
LED lamp is lighted on the pulse output card to show which card has the error state and what
kind of error it is. A user option allows the system to ignore errors on axes not currently being
used, or to shut down the axis at the first error on any axis in use, or any combination, Each
pulse output card has an ERROR status line brought out to the front of the card; these may be
looked at individually for each axis or wire-ORed together. A backpiane reset resets the error

iatch.

The pulse output card also allows the user to select siow or fast maximum output puise rate, and
normal or extended resolution (x6 or x10} for each axis individually.

Because each axis does a complete data input to pulse output cycle in approximately 11 micro-
seconds (33 us for a three-axis system} the output puises are a real-time measure of the dis-
placement. For additional informaticn and schematic, refer to the 10763A English/Metric
Pulse Output Operating and Service Manual.



3.22 10755A Compensation Interface

Changing environmental conditions that result in a change in the index of refraction of air

cause a change in the velocity of light and therefore in the wavelength of laser light, Accurate
measurements require compensation for this effect,

The 10755A Compensation Interface Card (Figure 3-19) places the required compensation factor

on the coupler backplane when commanded by the system controller. Most coupler-based
systems will include one compensation interface card.
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Figure 3-19. 10755A Compensation Interface Block Diagram

The compensation interface gets the compensation factor either from the 5510A Opt 010 Auto-
matic Compensator, a separate unit, or from the 10756A Manual Compensation module, which
plugs into the coupler. The automatic compensator measures the temperature, pressure, and
humidity of air and computes the index of refraction of air, n, and the compensation factor, 1/n,
which is between 1.0000000 and 0.9990000 for all earth-type atmospheres. Because only the four-
least-significant digits change, the compensator presents only these digits to the compensation
interface card in binary-coded-decimal format on 16 paraliel lines. The compensation interface
converts the data to a form usable by the laser transducer system and outputs it to the coupler
backpiane when commanded to do so.

In typical installation (workshops, laboratories, machine shops, etc.} the compensation factor
can change over a period as short as a few minutes. The 5510A Opt 010 Automatic Compensator
can compute a new number as often as twice each second. Where the environment is closely
controlled, such as in metrology labs, the compensation factor changes very little during a day,
and the data can be entered instead from a 10756A Manual Compensation module. This module
presents the compensation factor, computed from a formula or derived from tables in a hand-
book, to the compensation interface in BCD bit-parallel, digit-parallel format identical to that
of the 5510A Opt 010. A small cutout in the front panel of the coupler aliows access to the thumb-
wheel switches that set the number, and an update pushbutton tells the compensation interface
that a new number has been entered and should now be converted into the proper format for
the backplane.
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The 10755A Compensation Interface Card recognizes two instructions, output and update.
Update comes from the coupler backplane, from the manual module’s pushbutton, during

system reset, and after each output to the backplane.

When an update command occurs the interface card waits for the completion of the next
compensator computation cycle. It then presets four BCD down-counters with the 16 bits
from the compensator. At the same time it presets four binary up-counters with a 16-bit word
representing the least-significant 16 bits of the binary represenation of 9990000. The BCD
down-counters are then clocked down toward zero, and simultaneousiy the binary up-counters
are counted up. When the BCD counters reach zero, the binary counters hold a binary repre-
sentation of the lower 16 bits of a binary representation of the compensation factor.

Operation with the manual compensation module proceeds in similar fashion.

In addition to compensating for the variable speed of light, the use of the compensation factor
allows the operator to correct for thermal expansion of the part being measured or worked. All
dimensions are normally referenced to their values at 20.0°C (68.0°F}; at higher temperatures
they measure longer or shorter than this, depending on whether the part has a positive or nega-
tive coefficient of thermal expansion. The 5510A Opt 010 Automatic Compensator has a speciai
thermal probe for sensing part temperature. The coefficient of thermai expansion is entered on
the front of the unit through a set of thumbwheel switches. The compensator does the required
computation automatically and modifies the compensation factor accordingly. The same prin-
ciple can be applied when using the 10756 A Manuai Compensation module.

A special check mode of the automatic compensator causes it to output the measured values
of pressure, temperature, and humidity. These numbers can be placed on the backplane by
the compensation interface, and can be accessed by the system controiler for setup or system
checkout. For additional information and schematics, refer to the 10755A Compensation

Interface Operating and Service Manual.
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3.23 10756A Manual Compensator

The 10756A Manual Compensator is a small panel and circuit board unit (Figure 3-20) de-
signed to plug directly on the 10755A Compensation Interface, The 10756A has four thumb-
wheel operated switches that allow the calculated compensation factor number to be set. The
four BCD bits from each switch are then inverted and applied to the 10755A Compensation
Interface. For additional information and schematics, refer to the 10756A Manual Compensa-
tor Operating and Service Manuai.

3.24 5510A Opt 010 Automatic Compensator and 10563A Material Temperature Sensor

The 5510A Opt 010 Automatic Compensator itseif is identical to the standard 5510A Automatic
Compensator. The difference in models is that when used in the 5501A Laser Transducer
System, the following cable changes are made:

Delete the 562A-16 Cable.

b. Add the 59995-61082 Interface Cabie between the 5510A and the 10755A Compensa-
tion Interiace;

c. Add the 10740-60005 Power Cable between the 10740A Coupler and the £15V power supply.

Overall, the 5510A Opt 010 Automatic Compensator makes atmospheric measurements and the
10563A Material Temperature Sensor makes material temperature measurements and supplies
four BCD compensation digits to the 10755A Compensation Interface. For operating instructions
refer to Section 1V, Programming and Operation. For additional information and schematics
refer to the HP 5510A Operating and Service Manual.

3.25 10783A Numeric Display

The 10783A Numeric Display provides the laser transducer system with digital display of
single or multiple-axis displacement data. It is driven from the Hewlett-Packard Interface Bus
in either the “Listen Always” mode or the “Addressable” mode.

Fourteen 7-segment LED indicators with left-hand decimal points allow ample capacity for
displaying more than one axis of data. Six axis identifiers (A, B, C, X, Y, Z) are supplied with
each display module and may be inserted into the specially designed front panel. As an ex-
ample, one 10783A can display six digits with sign and decimal point for the X-axis and five
digits with sign and decimal point for the Y-axis, with a space between the two numbers. The
“X"" and “Y” identifiers can be placed in the front panel below the appropriate digits.

The characters that can be displayed are the digits 0 to 9, a minus sign, the letter E and the
decimal point. Front panel indicators inciude an ON light indicating when the 10783A is
“Addressed” and an overflow light that indicates when more than 14 characters have been
received. In an overflow condition, the 14-least-significant digits are displayed. In addition to
these indicators, there is a lamp test switch for checking all segments and indicators not al-

ready energized.

Flicker-free output is obtained by employing both input and output data storage. The display
digits are strobed at a constant rate independent of input data transfer rate.
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3.26 5501A Power Supply Options

The 5501A Laser Transducer Systems require a £15V Power Supply and a +5V Power Supply. The
Hewlett-Packard power supplies that can be used with the system are 62000 series power supplies
with an LED indicator added as required by FED, REGIST., July 31, 1975, Vol. 1V-0-148, part 2.

The 5501A power supply options all contain overcurrent, overtemperature, overvoltage, reverse
voitage, and remote sensing protection.

Table 3-6 lists the power supplies available. For additional information and schematics, refer to
the applicable Operating and Service Manual.

Table 3-5. Power Suppl ailable for 5501A Laser Transduc
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Programming
and
Operation

4.1 INTRODUCTION

This section provides the information necessary to program and operate your system. It is
organized as follows:

a. A general discussion of the objectives and methods of programming the Laser Trans-
ducer System. This includes a general system operating discussion from the viewpoint
of the system programming requirements.

b. A table of individual commands for each unit of the system that is programmabie. In-
struction formats for both ASCII characters and the decimal equivalent of the binary
command are included.




4-2

g,

Commented programs and exampies of measurements and data movement using the
9825A Calculator as the system controiler and the 10745A HP-iB Interface to the Laser
Transducer System.

Commented programs and examples of measurements and data movement using the
10746A Binary Interface, The 9825A Calculator is used as the system controller but the
program illustrates how a computer could be used instead of the 9825A.

A general discussion with examples of data handling after the data has been transferred
o the system controlier,

A general discussion of how to debug {remove errors from} your program.

NOTE

The operating procedures (other than initial turn on) for the Laser
Transducer System are dependent on the programming and design
of the system controiler.

Initial turn on, general operating instructions for a typical system, and brief explanations
of the controls and indicators on the receiver, the laser head, the numeric displays, and
the 5510A OPT 010 Automatic Compensator.

4.2 PROGRAMMING OBJECTIVES AND METHODS

The objective of programming is to obtain the defined results from the system under control,
The methods of programming are dependent on the requirements of the system controlier and
the capabilities of the system under control. Therefore, in order to effectively program the
Laser Transducer System you must understand and be able to use the following information:

d.

LANGUAGE OF THE SYSTEM CONTROLLER. For example, when the HP 9825A Cal-
culator is used as the system controller the operating and control manuals supplied
with the calculator contain complete descriptions and exampiles of the commands
and syntax used with the 9825A. Note that since the Laser Transducer System also
requires the 98213A 1/0 ROM and the 98034A HP-IB Interface, you must also famil-
iarize yourself with the additional commands and capabilities of these units. Sepa-
rate operating and programming manuals provide this information. If any other unit
is used as the system controller (e.g., a computer or other caiculator), you must have
a complete understanding of the capabilities and limitations of its control language.

OPERATION OF THE LASER TRANSDUCER SYSTEM. Prior to attempting to pro-
gram the system you should be familiar with the information in Sections I and Hj
that applies to your system. In addition there are general discussions of system oper-
ation from programming viewpoint contained in this section.

Finally, you must know the specific addresses and commands that make up the in-
structions that are applicable to the units in your system. This intormation is contained
in Tables 4-2 through 4-71.

After you have reviewed this information, study the commented programs and itlustrations in

this section to gain the necessary insight into information flow within the Laser Transducer
System. These programs are written using the 9825A as a system controiler. However, the illus-
trated examples of data flow apply to any system containing the specified units.



4.3 GENERAL SYSTEM OPERATING DESCRIPTION

Most laser transducer systems are based on the 10740A Coupler {with associated plug-in
modules) and a calculator or computer which is used as the system controller and data processor.
The plug-in modules interface the various laser system components to the coupler backplane
bus, and the coupler backplane bus carries all signals (data and control) between the plug-in
moduies.

Basically, a counter-based laser transducer system operates as foliows. Displacement infor-
mation, which is updated continuously in an operating system, is transferred, upon command,
from the counters on the 10760A Counter plug-in module to the coupler backplane bus. This
data is then transferred from the bus to the system controiler for later processing. Next, velocity-
of-light compensation data is transferred to the controller. The controller then manipulates
the data (using its processing capabilities) so that the raw data represents meaningful dis-
placement data. The controller then outputs the data to a printer or display unit or compares
the data to predetermined limits or setpoints for automatic machine positioning applications.

One of the two plug-in modules (either the binary interface or the HP-IB interface, depending
upon specific application) is used to interface the coupler backplane to the controller/processor.
The controller commands the system, via the selected interface card, to perform each function
necessary to make a measurement. The controller does this by issuing instructions that contain
four bits of module address information and four bits of module command information. Each
module in the coupler recognizes its unique address and responds to commands associated
with that address. Additionally, some modules automaticaily respond to commands sent to
other modules. For exampie, when a counter card is instructed to output measurement data
to the coupler backplane bus, the HP-IB interface card automatically inputs that data and holds
it until instructed to output the data to the controller (or other device connected to the HP-IB).
This feature allows faster processing of data with fewer instructions.

The following programming information describes the coupler backplane instruction set that
is available to control operation of a laser measurement system. Additionally, sample programs
are supplied to demonstrate the sequence of operations required to control the system. This
information and a thorough understanding of the system controller characteristics will allow
you to generate programs for your specific measurement application.

4.4 Sample QOutline for a Three-Axis Counter-Based System

The following steps outline the general programming requirements for a simple three-axis
counter-based system:

OPERATION KESULT

a. Backplane Reset Initializes all cards. Presets counters to 160.

b. Output Compensation Puts compensation data on backplane which
is accepted by 10745A HP-IB interface.

¢. Format Data 10745A HP-IB Interface converts binary data
to BCD and stores in RAM.

d. Read into Calculator Compensation data stored in Calculator.

e. Backplane Sample Samples ail counters simultaneously. Puts
counter contents in cutput buffer.

f. Output X-Axis Data Puts X-axis data on backplane which is ac-
cepted by 10745A HP-IB Interface.

g. Format Data 10745A HP-IB Interface converts binary data

to BCD and stores in RAM.

4-3
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8. Each card releases (allows to go high) OPC as soon as it is able.
NOTE

In step 6 this card may drive DAV low at the same time or before it
lets OPC go high. However the card in step 7 may notiet OPC go high
until it has accepted the backplane information. OPC remains low
until all cards have released it.

9. When all cards have released OPC, INSV is returned high to terminate instruction.

10. DAV goes high if an output was involved. DAV remains high if no output was involved.

OPC is driven low by alf cards.

11. Sequence starts over at step 1.

4.8 HP-IB BASEID SYSTEM PROGRAMMING

HP-1B based transducer systems are supplied with the 9825A Calculator (forinformation on other
HP calculators, see Appendix A). The calculator systems include an HP-IB interface module and
appropriate ROM modules. The calculator documentation includes information for these devices.

Tables 4-2 through 4-77 show the instructions that can be issued to the laser system to control
system operation. These instructions are issued from the calculator via the HP-IB interface
module to the 10740A Coupler backplane bus. Instructions consist of a numeric command and
an alphabetical address {e.g., 2X causes the 10760A Counter card that has its address jumper
in the X position to output its last sample to the coupler backplane bus). The instructions must
be sequenced in the order that will cause the desired operations.

NOTE

In all programming instructions, @ is zero and O is the letter O.

Instructions can be combined in one calculator program step. An example of this is the in-
struction sequence 102X30. From the tables it can be seen that the 10 instruction generates
a backplane sample command, the 2X instruction causes the X-axis counter card to output its
sampled data and causes the HP-IB interface card to input that data, and the 30 instruction
causes the HP-IB interface card to convert that data to BCD and prepare to send the data to
the calculator upon receipt of further program statements.

Because the displacement data contained in the 10760A Counter cards {and, consequently,
the data sent to the calculator) is in units of 1/, wavelengths of the laser light, the calculator
must convert this to a useable unit of measure — either inches or millimetres. Additionally, the
counters are preset to 160 counts so the effects of vibration do not cause the counters to under-
tlow. The calculator, therefore, must also subtract 160 counts from the displacement data prior
to converting the data to inches or millimetres. One last data-manipulation requirement must
be satisfied by the calculator program: the displacement data must be multiplied by the velocity-
of-light compensation factor. The following formula demonstrates the procedure for conversion
of input counts from the 10760A Counter to compensated inches or miilimetres. For accurate
measurements, the formula must be included in all calculator programs. Subsequent samples
show how this is done.



||||||||

FORMULA: X =(D -160) {K) (C)

Where: X is compensated inches or miliimeters of dispiacement data,
D is uncompensated counts from the 10760A Counter card,
K is the inch or miilimeter conversion factor {6.23023 x 10°% for inches and

1.58248 x 10~ for millimetres},
C is the velocity-of-light compensation factor from the manual or automatic

compensator.
NOTE

If the system is operated in the “X10"” extended resolution mode, the
formula must be changed to subtract 16 counts instead of the 160
counts specified above.

4.9 COMPUTER-BASED SYSTEM PROGRAMMING

Several different configurations of laser transducer systems can be controlled by a digital com-
puter. The following discussion refers specifically to a system using the 10740A Coupler and
the 10746A Binary Interface.

The binary interface module allows a digital computer to control the laser transducer system
if the computer has its own input/output circuits or has other means for accomplishing the

following:

a. It mustsend a “command” signal to the binary interface module to start each functional
operation.

b. 1t must accept a “flag” signal from the binary interface module. The “flag” signal
signifies completion of a function by the binary interface module.

c. It must have a set of data lines to aliow passage of binary data to and from the binary
interface module.

The data lines between the binary interface module and the computer can be separated into
input and output lines, or can use common input/output lines. In either case, only one oper-
ation can take place at a time. Data words can consist of either 8 or 16 bits; 12-bit computers
must use 8-bit words and pack them, if desired, by software means.

The general sequence for a computer-controlled operation is as follows:

a, The computer outputs an instruction to a register on the computer output interface
circuit assembly.

b. The computer sends a “command” signal to the 10746A Binary Interface. The “com-
mand” signal causes the 10746A to accept the instruction and perform the associated

function.

c. The 10746A returns a ‘“flag” signal to the computer to indicate acceptance of the
instruction.,

d. The computer can now proceed to other program steps. For example, the steps re-
quired to input data from its interface register if the original instruction specified a
data transfer from the 10746A to the computer.

If the “command” signal is removed by the computer, the “flag” signal from the 10746A
will be immediately reset. The signal therefore, should not be removed until all flag-dependent

transfers have been completed.

4-~7



In the “command” mode, the 10746A treats all computer outputs as commands. It a command
from the computer instructs the 10746A to go to the “data”’ mode, the 10746A treats the next
two 16-bit words (or four 8-bit words, if jumper seiected} as data. The most-significant word"
must be transferred first,

Two instructions cause “data” mode operation. These instructions initiate computer data out-
puts and computer data inputs. At the end of a data transfer, the 10746A returns to the “com-
mand” mode.

Hf the 10746A is in “command” mode, all instructions sent by the computer are passed on to
the 10740A Coupler backplane. The instructions are aiso examined simultaneously by the
10746A to determine if they require specific responses by the 10746A.

Use Tables 4-2 through 4-11 to organize the operating sequence necessary to provide desired
system operation. For example, Table 4-3 shows that an OP instruction generates a backplane
reset signal and clears the error-bit buffer on the 10746A Binary Interface. To generate this
instruction from the computer, output the binary equivalent of the decimal number shown for
0P in Table 4-3 {decimal 255 or binary 11111111} for a negative-true interface card. The 10746A
Binary Interface uses positive-true logic. The decimal instructions in Tables 4-2 through 4-71
show the decimal negative-true logic value in black and the positive-true logic in red.

Table 4-.2. 10745A HP-1B Interface Instructions
BACKPLANE CARD ADDRESS IS ©
ADDRESSED INSTRUCTIONS

e e

HP-{B Decimal
Instruction Kespense Insfruction
@O Generate system reset, clear error-bit butfers and initialize 15

all state machines 248
* 90 Clear error bit buffer —_
10 Generate simultaneous sample command 14
241
20 Handshake and do nothing 13
: 242
*20 Load HP-iB data buffer and handshake in response to BP-DAV e i
30 Convert data stored in data buffer from binary to BCD and store 12 i
in RAM. Output according to HP-IB rules 243
i 20 Do nothing. This instruction causes HP-IB to drive instruction g
lines passive - high 255
NONADDRESSED INSTRUCTIONS i
System Reset | Same as PO instruction
Sampie Do nothing __J

*20 means CMD 2 and any card address except O



Tabie 4-3. 10746A Binary 1/O Interface Instructions

il BACKPLANE CARD ADDRESS IS P ]
| ADDRESSED INSTRUCTIONS
| Hp-1B Decimal
Instruction Response Instruction
xxgp Cenerate backplane reset and clear error bit buffer 255
r |
*gp Clear error bit buffer S
1P Generate simuitaneous sample command 254 |
1
2P Output data to backplane data bus from 1/0 buffer 253
2
l *oP Load data from backplane data bus into 1/0 buffer R—— ;
l 3P Sends data and/or error bits to computer from /O buffer 252
3
*3p Load addressed card with data via backplane data lines _—
4P Load Data into 10746A 1/0 buffer 251
4
All Other | Do Nothing . i
Instructions

NONADDRESSED INSTRUCTIONS

System Reset | Same as @P instruction e

Sample Do Nothing ——

*GP means CMD @ and any card address except P.
**For 16-bit mode, three sequential 8P commands are required; for 8-bit mode, five sequential @pP
commands are required.

Table 4-4. 10755A Compensation Interface
BACKPLANE CARD ADDRESS IS V
ADDRESSED INSTRUCTIONS

We-i8 | Decimal
Instruction Response Instruction
BV Initialize state machine and take new reading 159
9%
*2V Output VOL compensation information to BP data bus and 157 1
start new measurement 98
All Other | Handshake immediately and do nothing {
Instructions

NONADDRESSED INSTRUCTIONS

System Reset | Same as gV T

I Sample Do Nothing i
*This is the compensation number for the last time a 2V or @V was given. Therefore, if a

2V command is given every 15 minutes, the compensation value is 15 minutes old.

A AT i i




410

Table 4.5, 10760A Counter [nstructions

" ] —— i
BACKPLANE ADDRESS IS SELECTABLE, MAYBE X, Y, Z, A, B, OR C (Mutually Exclusive)
ADDRESSED INSTRUCTIONS

HP-IB Decimal
Instruction Response Instruction
*FX Preset counter to 160, ciear error bits, and set normal resclution
1X Load contents of counter into output data buftfer
2X Output last sample, decimal point, and error bits to BP
irata Bus
4X Count DOWN
5X Go to normal resolution mode, preset counter, clear error bits. See
Does not clear HP-IB error bits Table 4-11
instruction
is address~
dependent
6X Go to extended resolution mode, preset counter, clear error bits
7X Count UP
f NONADDRESSED INSTRUCTIONS
System Reset i Preset counter to 160, clear error bits, and set normal
resolution
Sample Load contents of counter into output data buffer E

*Address “X” is used in this table as an example, To have instruction apply to another counter
card replace “X”’ with that card’s address.

Table 4-6. 10761A Muitiplier Instructions

BACKPLANE CARD ADDRESS IS M B
ADDRESSED INSTRUCTIONS
HP-18 Decimal
Instruction RESP{}#SE Instruction
M Reset multiplier and set up A/4 multiplication mode. 47 - %
228
2V Accept VOL number and do conversion constant correction 157
‘ o8
2 ABC XYZP | Accept Displacement number and perform conversion Refer to
Table 4-11
2M Qutput conversion results to backpiane 45
218
3M Accept user generated conversion constant from binary /0 card 44
! ' 211
3V Accept user generated VOL compensation numbers from 156
binary 1/0 card 9G
4M Clear registers, go to mm units and set multiplier constant for 43
non-VOL system - mm mode, clear error bit 212
6M Clear registers, go to inches units and set multiplier constant 41
for non-VOL system - inches mode, clear error bit 214
All Other | Do Nothing
Instructions
NONADDRESSED INSTRUCTIONS
System Reset | Same as M | e
Sample Do Nothing v i




Table 4-7. 10762A Comparator [nstructions

BACKPLANE ADDRESS IS SELECTABLE, MAY BE X, Y, Z, A, B, OR C {(Mutually Exclusive)

ADDRESSED INSTRUCTIONS

— Ry : : _
HP-IB Decimal
Instruction Sl Instruction
*@X Preset count register to 160 counts, force digital difference
output to null, clear OVFL-BUFFER, terminate self-check ;
(if in progress)
1X Load contents of counter into output buffer as soon as there is a
window wide enough to insure that a count is not propagating
through the count chain I
2X Output contents of output buffer to backplane data bus, output A Refer to ‘
mode (A/4 or A/8), output decimal point code, output contents Table 4-11 as
of OVFL-ERROR buffer. Data valid signal goes true only if instruction
sample circuit is not in the process of taking a sample is address -
P dependent
3X Load destination register with 28-bit number and tolerance
register with 4-bit number on 10740A backplane when binary
DAV goes true. X is implied Listener — 10746A implied Talker
4X Disable UP/A and DWN/B inputs and count down at 10 MHz.
(Terminates with a reset, or an underflow in count register} |
5X NOP
X NOP I
7X Disable UP/A and DWN/B inputs and count up at 10 MHz. ‘
(Terminates with reset or an overflow in count register)

System Reset |

NONADDRESSED INSTRUCTIONS
Same as @X instruction —_—

E Sample Same as 1X instruction

B

*“X" used as an example of the address in this table, To make instruction apply to another

comparator simply replace “X” with that card’s address.

Table 4-8. 107648 Fast Pulse Converter Instructions

BACKPLANE ADDRESS 1S SELECTABLE, MAY BE X, Y, Z, A, B, OR C (Mutually Exclusive)

ADDRESSED INSTRUCTIONS

System Reset

HP-I1B Decimal
Instruction Respune instruction
*FX . Reset error bits and samples resolution switches Refer to
Table 4-11 as
2X Output contents of buffer register error bits to backplane data bus instruction is
address-
dependent

NONADDRESSED INSTRUCTIONS

Same as X instruction

puise converter simply replace “X” with that card’s address.
At least two reset pulses are required after power on or resolution change.

*X"" used as an example of the address in this table. To make instructions apply to another fast

4-11



SAFETY PRECAUTIONS

This is a Safety Ciass | system. This system has been designed and tested according to IEC
Publication 348, “Safety Requirements for Electronic Measuring Apparatus”.

l LASER RADIATION

DO NOT STARE INTO BEAM

MAXIMUM OQUTPUT: 1 mw
PULSE SPEC: continuous wave
LASER MEDIUM: helium neon
CLASS II LASER PRODUCT

AVOID EXPOSURE

BEAM CAN BE SHUT
OFF BY CLOSING
BLACK APERTURE

LASE
J BADIATION is EMITTED FROM T

His APERTURE

ALIGNMENT
APERTURE FOR
REDUCED BEAM

“CAUTION" — Laser radlation
when open and interiock falied
or defeaied. DO NOT STARE
INTO BEAM.

This laser product conforms to Federal Bureau of Radiclogical Health

 Regulations 21 CRF 1040.10.
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Table 4-9. 10763A Responses to Instructions

l BACKPLANE ADDRESS IS ;ELECTABLE, MAY BE X, Y, Z, A, B, OR C {Mutually Exclusive)

—_— e
ADDRESSED INSTRUCTIONS
HP-IB Decimal |
Instruction Response Instruction I
*3X Accepts control of coupler bus from previous 10763A controller See _
Table 4-11 as
instruction
is address
dependent

*In a multiaxis system one 10763A is in control until it updates its displacement data and then
it passes control to the next 10763A.

Tabie 4-10. Possible Instructions by 10763A English/Metric Pulse Qutput

BA-E(_PLANE ADE)-I;ESS IS SELECTABLE, MAY BE X, Y, Z, A, B, OR C (Mutually Exclusive)

ADDRESSED INSTRUCTIONS

T

instruction | T° Response insiruction
5X | 10760A  Set nﬂu:nﬂai resolution N/A
| X 10760A  |Set extended resolution N/A
| 4M 10761TA  Select millimeter conversion factor N/A
] 6M 10761TA  |Select inch conversion factor N/A
| 2V 10755A  |Output most recent data N/A
| X 10760A  |Count up N/A
| 1X 10760A |Load count in output buffer N/A
| 2 10760A  |Output count to coupler bus N/A
[ 2M 10761A  Output product to coupler bus N/A ;
! o *Next |Accepts control of coupler bus N/A
10763A |
~ NONADDRESSED COMMANDS
System Reset All Un“i?sw ‘tﬁeturns all units to original RESET condition N/A
on Bus
Sample 10760A  Loads count in output buffer N/A
only
respondent

*In a multiaxis system one 10763A is in control until it updates its dispiacement data and then
it passes control to the next 10763A.



Table 4-11. Instruction Set Conversion from Alphanumeric to Decimal

e e = —_——

NOTE
The numbers shown in black are negative-true logic interface cards. The numbers shown in
red are for positive-true cards. The 10746A Binary interface is a positive-true card. If you are
in doubt as to which numbers to use, the easiest way to determine the polarity of your 1/0 card
is to program a simple command and note the system response.
" Address T - e oo - o i
Cominiang A B C M O P A% X : y 4
g 239 223 287 47 15 255 159 127 11 95
16 32 48 268 248 2 96 128 i34 168
1 238 222 206 —= 14 254 = 126 118 94
17 33 49 241 1 129 145 161 |
2 237 221 205 45 13 253 197 125 199 93
| 18 34 5@ 218 242 2 98 130 146 162
3 i Ay whie e 12 252 156 124 108 92
211 243 3 99 131 47 163
- 235 219 203 = oy 251 e 123 197 91
28 36 52 4 132 148 164
5 234 218 202 = = = < 122 166 9¢
21 37 23 133 149 165
6 233 | 7 | 201 47 — _— — 121 | 105 89
22 | 38 54 214 134 | 158 | 166
7g 232 216 209 e - — — 120 1684 88
23 33 55 135 151 | 167

4.10 TYPICAL PROGRAMS

Two typical programs (Tables 4-12 and 4-13) are provided to illustrate how to program the
10745A HP-IB Interface and the 10746A Binary Interface respectively. Both programs are
commented. Reference is made in these programs to data movement figures to further illustrate
the data flow within the Laser Transducer System. In these figures each specific instruction
and the associated data movement is shown in red. Note that the decimal instructions used
in the binary interface program are positive-true values. Table 4-74 lists the Binary Interface
Typical Program Variables. The sequence of drawings in Figure 4-2 assumes that you will go
to a subroutine the first time it is referenced to determine its function.

Table 4-12. 10745A HP-IB Interface Typical Program using HP 9825A Calculator

—— CLr

PROGRAM

COMMENT

rclr7; rem7

: wrt 789, “gO6X"

2: wrt 789, “2v30”

3: red 789,C
4: §—E

| s “loop”: E+1—E;
if E=10; gto -3

6: wrt 789, “102X30"

M

L

Send Device Clear to all devices on the HP-IB. Send Remote
Enable to all devices on the HP-iB.

Send to 10745A. 7 = Select Code of 98034A.HP-IB Interface.
@9 = Address of 10745A. 80O = System Initialization via HP-IB.
6X = Set X-axis to extended resoiution.

See Figures 4-1A and B.

Send to 10745A. 2V = transfer VOL number. 30 = Setup to output
VOL to HP-IB. See Figures 4-1C and D,

VOL transferred via HP-IB to variable C.
Set loop counter for compensation update to 8.

Increment loop counter. If 18 times through loop go read in new
compensation value,

Send to 10745A. 10 = sample X, Y axis via HP-1B. 2X = Transfer X
to 10745A. 30 = set up to output X to HP-IB. See Figures 4-1E,F,

and G.
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Table 4-12. 10745A HP-IB Interface Typical (Cont'd)

PROGRAM COMMENT
7: red 789,X X transferred via HP-IB to variable X
8: if rds {7)<128; gto +2 If no device on HP-IB is requesting service, skip the next line.
9: g—A;gsb “status” A=f for X-Axis, Go find out if 10745A is requesting service.
W {X=16)%6.23823e-6*C—X ~16 is the subtract preset for extended resolution.
- X6.23823e~6 is the conversion of A/4 to microinches
C compensates for VOL + Material Temperature,
11 fmt 1,f12.6 Format No. 1. Fixed point 12 characters wide, 6 digits to the right
of the decimai.
12; wrt 717.1,X Send X to X-Display. Format 1 is used. 7 = select code of 98034A
17 = address of 10783A X-Display. See Figure 4-TH.
13: wrt 789, “2¥Y307 Send to 10745 via HP-IB. 2Y = transfer to 10745A via HP-iB.
30 = set up to output Y to HP-1B. See Figure 4-11 and /.
14: red 789,Y Y transferred via HP-IB to variable Y.
15: if rds{7)<128;8to +2 if no device on HP-IB is requesting service skip the next line.
16: T—A;gsb “status” A=1 for Y-Axis to find out if 10745A is requesting service.
17: (Y~168)*6.23023e-6*C—Y | -160 is the subtract preset for normal resoiution.
18: wrt 718.1,Y Send Y to Y-display. Format 1 is used. 7 = select code of 98034A
18 = address of 10783A Y-Display. See Figure 4-1K.
‘19:~gm “loop” Go to top of dispiay “loop”
28: “status’ rds{799)—8B Get status byte from 10745A.
21: it B>=64;gsb “check” If bit 6 set then 10745A has requested status. Go check what kind
- of error,
22: wrt 79, “gp”’ Send to 10745A. @GP = clear error bits on 10745A via HP-IB.
See Figure 4-1L.
23: ret sttbroutine “status” return statement,
24; “check”:B-112—B Clear Bits 6,5,4.
25: if B>=8;gsb “ovi” If Bit 3 is set, go to subroutine “ovf”
26: if Be=4:prt “YOL OUT If Bit 2 is set, VOL error irrecoverable,
OF RANGLE”; B~4-8; @D
27: it B>=2; prt “MEAS It Bit 1 is set, MEAS error 8—D is irrecoverable error,
ERROR"; B~2~B; @D
28: if B=1;prt“REF ERROR” If Bit # is set, reference error §—D is irrecoverable error.
;i)
29: if D=1;ret [f D=1 then the only error is an overflow which is recoverabie.
38: if A= pri“X-AXIS ERROR”
31 # A=T1;prt”Y-AXIS ERROR”
32: dsp “GO TO GAGE”;stp  |Display “GO TO GAGE” anc stop.
33: gto @ When CONTINUE is pressed the program restarts at the beginning
of the program,
34: "“ovf":B-8—B;1—D 1-D. Perhaps recoverable error, Clear Bit 3.
35: i A=f;X-2128/18—X X~Axis complement all bits of X and Add 1.
36: if A=1,Y-2128—Y Y-Axis complement all bits of Y and Add 1.
37 ret
38: end *19613
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10745A HP-iB Interface =

= Caitufatﬂr R

HP-1B Address = 7

- HP-1B 10783A ,
T Display RaRaus

HP-1B HP-1B Address = 17

Address = 09 e
(Select Code) 107834 VAN

Display

10760A Counter HP-IB Address = 18
Errar - Address =X

C{?«Uﬂter_ : Hes

- o Ref {From Laser Head)

. Buffer

10760A Counter Ret A

Meas Y

10755A Compensator Interface

Addr=SS  BCD Reg.

999XYZT 10756 A Manual Compensator

Converter

Buffer

S99XYZT

-1 N <€ X

1: wrt 709, "006X"

L {Set X t0 Extended Resolution)
"Note that the Y-axis moved 3 counts between exchange of 9O and 6X.

ngu 4-1. Counter-Based System Data Flow (Continued) |

4-16



2:wrt 789, °

r'u 4.1, Cﬂure-Bage System Data FI{} (C-::.-ntfnud) |

10745A HP-IB Interface
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999X1Y141 71
{ .g9axyzT

- Error

HP-IB

 985A
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Buffer

909XYZT &

& HP-IB
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{Select Code)

=

HP-I ddress 1?
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— Meas Y

2V 307
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L——Transfer last compensation value and take new measurement.

................
ER O e
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999XYZT (T2)
—

10745A HP-1B Interface 3O (T1)
HP-IB Address = 7
<— | HpPB
1 X Axis
HP-1B HP-1B Address = 17
Address = 09 Tﬁ?&Sﬁ;
{S'EIEEt COCIE} - Dispiav - Y Axis
10760A Cﬂunter HP-IB Address = 18
“ - _ e x
C{}untar | Res
- Ref {From Laser Head)
10760A Counter Ret A
Meas Y
'ﬁ“fd{f“ BCO Req
999X1Y1Z1T+ 10756A Manual Compensator

Converter

— Buffer

899X1Y14171

2. wrt 789, "2V 30"

_C——Canveri from binary to BCD and prepare tc cutput. {T1)
3: red 709, C

L— cutput buffer contents o calculator and store in variable C {12}

"11 - convert to BCD
12 - ready c GUI;}UT

Figure 4—? Cﬂunter—Baaed System Data Flow (C{}nunued)



10745A HP-18 Interface

i fiﬁi‘ﬁulamr

j T HP-IB

Hp.IB HP-IB Address = 17

e 10783A
(Select Code) Display Y Axis

HP-I1B Address = 18

= e P — Meas X

-~ Counter Res

Ref {From Laser Head)

00 B

Ref A
10760A Counter ¢

~Error Address = Y

Meas Y

= 999X1Y1Z1T1 10756 A Manual Cﬂmpensatur

- EﬁﬁEr

998X1Y1Z1 71

Prior to 10 instruction both X and Y moved identical distance.
6: wrt 7€, “102X30C” X axis in X10 mode gives 10 times the counts imnto the counter.
—

1 Sampie all counters simultanesously E

Figure 4-1. Counter-Based System Data Flow (Continued)
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2X

08254

10745A HP-IB Interface
Address =0

Caiculator

“Error HP-1B Address = 7

2
<~ | Hp.IB
' el X s

- Baffer

10760A Counter HP-1B Ad

“Error :3.’::'-33?-.'1.3;:. ﬁddress =X

' = T ——

Counter - Res

HP-1B HP-1B Address = 17
8 Acidress = 09 s sy "
(Select Code}

dress = 18

1017849 8 Ref (From Laser Head)

Buffer

— Meas Y

Buffer . '
- 116819 B

=V
999X1Y1417 4

Converter

Buffer

999X

Y1

21T |

6: wrt 708, “10 2x 30"

L— Transfer X buffer data tc HFP-IB Interface

*X has moved 1 countand Y 10countsbetween execution of 10 and 2X.

Figure 4-1. Counter-Based System Data Flow (Cntd



10160 CR LF (T2)
p— — — —

10745A HP-1B Interface 30 {11)

alcufatar

H . dres 7

- HP-1B 10783A .
Display X Axis

HP-IB HP-1B Address = 17
: Address = 9

HP-1B Address = 18

Error = Address = X

n _ Meas X

Ref {From Laser Head)

i Ref A

-~ Meas Y

10756A Cnmensatnr interface

10756A Manual Compensator
Converter .
2,

.- Buffer T4

] 999X Y4 24T

6: wrt 768, “IC}EXEO”
3

(Convert to BCD and prepare to output)
7. red 789, X

i T

{

(output to calculator and store in variable X)

"Continues to change but does not change buffer information,

Figr ’I. Counter-Based System Data Flow (Continued)
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SERVICE

Although this system has been designed in accordance with internationai safety standards,
this manual contains information, cautions, and warnings which must be followed to ensure
safe operation and to retain the system in safe condition. Removal of the cover and subsequent
service or adjustments should be performed only by qualified service personnel.

e m m = — —
WARNING

HIGH VOLTAGES ARE GENERATED WITHIN THE LASER HOUSING.,
THE COVER OF THE MODEL 5560C LASER IS PROVIDED WITH AN
VIDED WITH AN INTERLOCK TO PREVENT ACCIDENTAL ACCESS
TO VYOLTAGES. FOR SAFETY, THERE ARE NO HIGH VOLTAGES
ON THE INTERCONNECTING CABLE.

CAUTION

Any adjustment, maintenance, and repair of an opened instrument
under voltage should be avoided as much as possible and, when in-

evitable, should be carried out only by a skilled person who is aware
of the hazard involved.

Capacitors inside the instruments may still be charged even if the
instruments have been disconnected from their source of supply.

Whenever it is likely that the protection has been impaired, the
system must be made inoperative and be secured against any un-
intended operation.

Use of controls or adjustments, or performance of procedures other
than those specified herein may result in hazardous radiation exposure.




10745A HP iB inf&rfac&

HP-IB Address = | 7

I_ DISPLAYS .666200
_1&?83& ' X Axis

HP-IB HP-1B Address = 17
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(Select Code) | '{}isptéir_.-:_. _ Y Axis
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Error =
Counter ~Res
Buffer-
o
: :
1076{31-5. Cﬂunt&r et A
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ﬁ.ddres& E{ZD F{Eg _
999}(1‘:’1211'1 10756 A Manual Compensator
Cﬂﬁ#ﬁr*ﬂr
-~ Buffer
B 999X1Y1Z1T1
11: fmt 1, f12.6
E {format fixed point display 12 places, 6 digiis o the right of the decimali.
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—
t 1 l t Output X to HP-IB

fmi 1 (i12.5)

X Dispiay Listens
~ Calculator Talks H
’Has peen Eﬂnu&ﬁed i:r:: mc:hes

F:gure 4-1. Counter-Based Syﬂem Data Flow (Cmntmued)
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10745A HP-IB Interface HP-IB g825A

Caituiatnr -

HP-1B Address = 7

096200

Display  [RAEEaE

HP-1B HP-IB Adress = 17

form)

(Bina

Address = 89 1073-3‘3}
{Select Code) Di&glav ~ Y Axis

HP-1B Address = 18

- Meas X

Ref (From Laser Head)

Ref A
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10755A Compensator Interface
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: 3

s S ——— e
s Corverters s l

Buffer

999X1Y1Z4T+
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—

1

| ngre-i’ " Counter-Based }’SEE Data Flow (C”z’i 3

Transfer Y-Buffar to HP-IB Interface Buffer. E
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HP-IB Address = 7
006200

HP-IB

HP-IB Address = 17

| v Axis

« Meas X

Ref {From Laser Head)

999X1Y¢Z1T1.

13 wrt 708, "2Y 307
e

i—-Cmnueﬂ: to BOD and prepare {o output.
14: rec 10, Y

1— C}utput to calculator and store in variabie Y

Figure 4 1 C::}umer Based Sysfem Data F ow (Cﬂntmued)



10745A HP- iB interfaue HP-IB : '_ 93'2"5_',3; :
- Caleufator

HP-IB Address = 7
I 006200
& 10?33&
8 HP-1B
il Address = 09
#1 (Select Code) |

10?6{1A Cﬂunter HP-IB Address = 18

Cﬂunter = Hes

1@1?5@ - Ref {From Laser Head)
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Ref A
1076&A Counter :
= Meas Y
1
Address' BCB Reg
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18- wrt /181, Y
il 1
Qutput Y to HP-IB.
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e i1, Counier-Based Srior Data Flow (Contmned)
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10745A HP-1B Interface 9875A
. _ o : Caiauiatnr

HP-IB ddress = 7

| HP-1B HP-1B Address = 17

Address = 9 A
g (Select Code) Display Y Axis

HP-1B Address = 18
0086200

-~ Meas X

— — Ref (From Laser Head)

Ref A

10755A Compensator Interface

- B 099X4Y4Z4T1 § .

S Srverter

Buffer

999X4Y4Z4T, E58

in this exampile error is over fiow only.

22 wrt 709, QR

I-—'I_?%e:a.r HP-1B error bits without resetting entire system.
This way no dispiacement information is Jost.

* oy e

fr . untB System at Flow {Cntnd |

es
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PROGRAM
g: wtb 2, 0,0,6,98,3

1: gsb “in”

2:B—=C

3: ent “X TOLERANCE
IN MICRONS?”, r1

4: ent “Y TOLERANCE
IN MICRONS?” r2

5: “newdest’”’:§—X;ent “X
DESTINATION IN MM?”7 X

6: —Y:ent Y
DESTINATION IN MM?7Y

7: “comp’’:wtb 2, 98,3

8: gsb “in”

9: B—C
10: X—A;gsb “cnv”
11: A—X
12: Y—A;gsb “cnv”
13: A=Y

14: int{r1/1.58248e-1)
*2128+X—A

15: gsb “out”
16: wib 2,131

17: int{r2/1.58248e-1)
*2128+Y—A

18: gsb “out”
19: wtb 2,147

20: “newsampie” :wtb
2,1,136,3

21 @—F

22: gsb “in”
230 Bl

24: wib 2,146,3

Table 4-13. 10746A Binary Interface Typical Program

COMMENT

(0@ = gP,0P,0P. Guarantees System Reset.
98 = 2V = sample compensation reading
3 = 3P = prepare to output
See Figures 4-2A, B, and C.

]

“in” is a subroutine which inputs the number and places it in
variabie B. Refer to step 32.

C = Compensation Number,

r1 = X Tolerance (refer to Table 4-14). No safeguards are provided.

r2 =Y Tolerance

Top of Loop. X is X-Axis destination in millimetres
@ is default value.

Y is Y-Axis destination in millimetres.
g is default value. ]

98 = 2V = sample compensation reading.
3 = 3P = prepare to output. See Figures 4-28 and C.

“in” inputs the number and places it in variable B. Refer to step 32.

C = Compensation Number.

“cnv”’ converts X to fringes. Refer to step 38.
X = destination in fringes.

“cnv” converts Y to fringes. Refer to step 38.
Y = Destinatiuh in fringes.

Add X-tolerance in fringes to X-desination bits 28-31.

Qutput to 10746A Card. Refer to step 39.
131 = 3X = transfer to X-destination register. See Figure 4-2H.
Add Y-tolerance in fringes to Y-destination bits 28-31.

Qutput to 10746A Card.
147 = 3Y = transfer to Y-~destination register. See Figure 4-21.

e

1= 1P =sample X and Y to compare X,Y location with X-Y
destination. 1P releases difference signals.

130 = 2X = transfer from X comparator to 10746A Binary Interface.
3 = 3P = prepare to transfer to caiculator. See Figure 4-2/,K, and L.

F =@ for X-Axis.
Subroutine to input the number from the 10746A Card.
Store the X-location in r3.

146 = 2Y = transfer Y to 10746A. See Figure 4-2M.
3 = 3P = prepare to transfer to calculator. See Figure 4-2N, O.

_ B
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Table 4-13. 10746A Binary Interface Typical Program (Cont'd)

PROGRAM

S

31
32:

33:
34:

35:
. B-4496*D—B
37

38;

39:

41:
42

43:

46:

cwrt J1,r3-160,r4-1643,C
30

if abs(X-r3)<=r1/{.158*C)
and abs (Y-rd)<=r2/
(.158*C) gto

“newdest”

gto “newsample”

“in”":rdb(2)—B;
if B<#;65536+B—B

if B>=61448;gto “er”

rdb(2)—G;ifG<8:;
65536+G—G

int (B/4#96)—D

(65536*B+(C)
*tn1{2-D)—B;ret

“env’:A/(1.58248e-4*C)
T16d—A; ret

“out’”’:wth 2,4

: int (A/65536)—B;

if B>32767;B-65536—8
wtb 2,B

A-65536*Int{A/65536}—B,;
it B>32767;B-65536—B

wtb 2,B

: ret
45:

“er’:int(B/256)~
246—8;15-B—B

if B>=8;prt “vol error”’;
B-8—B8;3—D

*Range of 9825 16 bit words = +32,767 to -32,768.

COMMENT
25 1—F F =1 for Y-Axis. ) -]
26: gsb “in” Subroutine to input the number from the 10746A Card.
27: B—r4 Store the Y-location in r4,
28: fmt 1,2{19.0,118.7 X format fixed & piaces to right of decimal. :
Y format.

C Compensation format.
Fixed 7 places to right of decimal.

Display raw counts,

If X and Y are within tolerance, get anothe destination; if not,
resample. This could also be done by checking for system null.
The error checking subroutine (“er’) picks this up as an error, but
drops out of the routine for system null.

Sample again.

Reads in bits 31-16. Complements if negative.* l
See Figure 4-2D.

if bits 31-28 are ail 7's go to error checking routine. Refer to step 45.

Read in bits 15-8. Complements if negative. See Figure 4-2E.

D contains bits 31-28 decimal point information,
B = Bits 27-16
B*2116 + bits 15-8. 2-D applies decimal point.

Subroutine to convert destination to fringes and add preset (164;.

“out” is a subroutine to output a 32-bit number in 2's complement
form from two 16-bit words in positive-true form. 4=4P=load data
into 10746A 1/0 buffer. See Figure 4-2F.

B is bits 31-16

Output bits 31-16 to 10746A. See Figure 4-2G.

B is bits 15-8. Convert to 2's compiement.

Output bits 15-8 to 10746A. See Figure 4-2G from step 15.
Qutput is compieted. Transfer command needs to be given.

B = Bits 31-16. Initially -240 clears bits 31-28 which indicates an
| error. Bits 27-24 need to be complemented by subtracting from 15.

If Bit 27, Vol error clear bit 27.




Table 4-13. 10746A Binary Interface Typical Program (Cont'd)

PROGRAM

COMMENT

47: it B>=4;B-4—8;1—D

48: if B>=2;prt “ref error’”’;*
gD

if B=1;prt “meas error”’;
g—D

50: it D=8;gto““prterr”
| 3% fdb{Z}"“B
52: wtb2,240,3

49:

53: rdb(2)~B; if B<#g;
65536+B—B

54: rcb{2)—G;ifG<g;
65536+G—G

55: int{B/4096)—D
56: B-4996*D—B
571 {65536*B+G)*tnt(2-D)—B

58: if F=@ and B-160#0:
B-2128—B

59: if F=1 and B-16040;

B-2128—B
6@: ret

| 61: “prterr’:ifF=8;

prt “X-AXIS ERROR”

if F=1; prt

“Y-AXIS ERROR"

63: dsp “go to gage’’;stp
b4: gto

65: end

| 62

L-.__

If Bit 26, D=1 as possibie recoverable error. Clear Bit 26.

If Bit 25, D=0 as irrecoverable error. Clear bit 25.*

If Bit 24, D = 0 as irrecoverabie error, Print “meas error’’.

go to “prterr” if irrecoverable error. Refer to step 61.

Overflow only. Read in bits 15-8 to complete previous 3P command.

240 = PO = clears error bits on 10746A so 28 bits of data can be
transferred with 3P command. 3 = 3P = prepare to transfer.

Read in bits 31-16. Complements if negative,

Reads in bits 15-8. Complements if negative. |

D contains bits 31-28 decimal point information.
B = Bits 27-16.
B*2116 + Bits 15-@. 2-D> applies decimal point.

Correct for overflow. {Really underflow).

Correct for overfiow. {Really underflow).

Irrecoverable error, so stop and go to gage.

*It should be noted when a reference error occurs both measure and error signals will also go true. In this
example X and Y will both show a measure error although no measure error has occurred.

If using a 5510A Automatic Compensator, a 8V(96) command must be sent to guarantee update of data.
(This should be done at beginning of program.)

Table 4-14. Binary Interface Typical Program Variables

T ek

VARIABLE

CONMNTENTS

ri

T2

X Tolerance in Microns

Y Tolerance in Microns
X Destination in MM or Fringes
Y Destination in MM or Fringes

Compensation Number for VOL and Material Temperature

Current X Location in Fringes

Current Y Location in Fringes I
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10746A Bmary interfaca
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(93032A
Select Code = 2)
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| ﬂVF : Counter
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|
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o wtb 2,00 0 98 3

System Reset
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Table 4-13. 10746A Binary Interface Typical Program (Cont’d)

PROGRAM

COMMENT

: it B>=4;B-4—B;1—D

. if B>=2;prt “ref error’”’;*
aed®

49: if B=1;prt “meas error”’;
g—D

50: if D=8;gto" prterr”
51: rdb{2)—B

|  52: wtb2,240,3

53: rdb(2)~B; if B<g;
65536+B—B

54: rdb{2)—G;ifG<g;
65536+G—C

55: int{B/4096)—D
56: B-4996*D—B
57: (65536*B-+G)*tni(2-D)—B

58: if F=0 and B-160#0;
B-2128—B

59: if F=1 and B-160:0;
B-2128—8B
68: ret

61: “prterr”:ifF=8;

prt “X-AXIS ERROR”
62: if F=1; prt

“Y-AXIS ERROR”
63: dsp “go to gage”’;stp
64: gto @
65: end

if Bit 26, D=1 as possibie recoverable error. Clear Bit 26.

If Bit 25, D=8 as irrecoverable error. Clear bit 25.*

If Bit 24, D = @ as irrecoverabie error. Print “meas error”’.

go to “prterr” if irrecoverable error. Refer to step 61.
Overflow only. Read in bits 15-8 to complete previous 3P command.

240 = PO = clears error bits on 10746A so 28 bits of data can be
transferred with 3P command. 3 = 3P = prepare to transfer,

Read in bits 31-16. Complements if negative.

Reads in bits 15-8. Complements if negative.

D contains bits 31-28 decimal point information.
B = Bits 27-16.
B*2116 -+ Bits 15-8. 2-D applies decimal point.

Correct for overflow. (Really underflow).

Correct for overflow. {Really underflow).

Irrecoverable error, so stop and go to gage. I

T ——

= ™ ——a

*/t should be noted when a reference error occurs both measure and error signals will also go true. In this
example X and Y will both show a measure error although no measure error has occurred.

If using a 5510A Automatic Compensator, a 8V(96) command must be sent to guarantee update of data.
(This should be done at beginning of program.)

S i AL A

VARIABLE

Table 4-14. Binary interface Typical Program Variables

CONTENTS

X Tolerance in Microns
Y Tolerance in Microns

X Destination in MM or Fringes

Y Destination in MM or Fringes I

Compensation Number for VOL and Material Temperature

Current X Location in Fringes

e —

Current Y Location in Fringes |
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1.2 Section I, General Information

In addition to explaining what the System Manual covers, Section | also covers the following

subjects:
a. How to use the other manuals supplied with your system.
b. An overall system level discussion of what a laser system is and how it makes
measurements.
Types and examples of typical measurements made with the Laser Transducer System,
d. An explanation of the available system configurations and what is contained in each

system. By first determining what type of system you are going to use it will be easier
to selectively read those sections of the manual that apply directly to your problems.

In summary, Section | contains the information you will need to familiarize yourself with the
Laser Transducer System, and the support documentation and equipment,

1.3 Section I, Laser Transducer and Optics

This section provides the background information on the physical layout of the Laser Trans-
ducer head and receiver, and the optics necessary to direct the laser beam between them. It s
very important that you know and understand the material contained in this section prior to
mounting these units. The material is covered as follows:

d.

An overall discussion of what constitutes a basic measurement system. This includes
only the optical portion of the Laser Transducer System, For information on the system
electronics refer to Section |Il.

Measurement components. Detailed descriptions of the individual measurement com-
ponents of the Laser Transducer System including dimensions, mounting, and instal-
lation information. Also discussed are the allowable measurement configurations for
the optical components including interferometers, beam benders, and beam splitters.

Accuracy considerations. Deals with factors affecting the ultimate measuring accu-
racy of the Laser Transducer System. Centers on the effect of the environment under
which the measurement is made along with techniques for compensating for these
effects. Specific types of measurement errors including the effect of thermal expan-
sion of the part being measured or cut are discussed. Consideration is also given to
cosine error or errors due to misalignment.

System instailation. Discussion of how to install the measurement components in
actual measurement appilications. Consideration of possible combinations to split and
direct the laser beam to the measurement location. Also discussed is how to route the
laser beam to the measurement iocation with emphasis on minimizing possible mea-
surement errors. This will include the effect of Abbe errors and thermal instabilities
on the measurement process. Techniques of protecting the beam from disruptions
such as thermal effects, cutting fiuid, and chips which could interrupt the measure-
ment are also discussed.

Alignment procedure. General rules for the actual alignment of the Laser Transducer
System after it is installed on a machine are discussed. Different techniques of align-
ing the components, depending upon the installation and accuracy requirements are
also covered. Specific examples inciude a 3-axis measurement application utilizing
the linear interferometer and an X-Y stage application using plane mirror interfero-
meters. Fach example illustrates fundamental techniques which can be applied to
most installations.
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47

49:

50
L 34
LY 4

93!
56:
57: (65536*B+G)*tn!(2-D}—B
58:

Table 4-13. 10746A Binary Interface Typical Program (Cont’d)

PROGRAM '

COMMENT

if B>=4;B-4—B;1—D

. it B>=2;prt “ref error’”’;*

9-D

it B=1;prt “meas error’”’;
gD

if D=8;gto"“prterr”
rdb(2)—B
wtb2,248,3

: rdb(2)—B; if B<@;

65536+B—38

: rdb(2)—G;ifG<8;

65536+CG—GC
int(B/4096)—D
B-4496*D—B

if F=8 and B-16040;

B-2i28—B

39:
6.
61:

62:

63:
| 64:
65:

it F=1 and B-16040;
B-2128—B

ret

“prterr’:ifF=g;

prt “X-AXIS ERROR”

if F=1; prt

“Y-AXIS ERROR”
dsp “go to gage”’;stp
gto 8

end

If Bit 26, D=1 as possibie recoverable error. Clear Bit 26.

if Bit 25, D=8 as irrecoverable error. Clear bit 25.*

If Bit 24, D = @ as irrecoverable error. Print “meas error”.

go to “prterr” if irrecoverable error. Refer to step 61.
Overflow only. Read in bits 15-8 to complete previous 3P command.

248 = 9O = clears error bits on 10746A so 28 bits of data can be
transferred with 3P command. 3 = 3P = prepare to transfer.

Read in bits 31-16, Compiements if negative.

Reads in bits 15-8. Complements if negative. |

D contains bits 31-28 decimal point information,
B = Bits 2/7-16.
B8*2116 + Bits 15-@. 2-D applies decimal point.

Correct for overflow. (Really underflow).

Correct for overflow. {Reaily underflow).

Irrecoverable error, so stop and go to gage.

—— =

*it should be noted when a reference error occurs both measure and error signals will also go true. In this
example X and Y will both show a measure error although no measure error has occurred.

if using a 5510A Automatic Compensator, a #V(96) command must be sent to guarantee update of data.
(This should be done at beginning of program.)

Table 4-14. Binary Interface Typical Program Variabies

VARIABLE

CONTENTS

rl
r2
X
Y
5
r3
r4

l

—crar

X Tolerance in Microns
Y Tolerance in Microns

X Destination in MM or Fringes

Y Destination in MM or Fringes

Compensation Number for VOL and Material Temperature

. Current X Location in Fringes

Current Y Location in Fringes
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10?46A Bmarv interface

{QBGSEA C’ﬁicufatur

Sei ect CD d a = 2) o

\ 28 Bit Difference

X - Up/Down Pulses

Meas X

we Meas Y

Y - Up/Down Pulse

28 Bit Difference

Gwth2 800 883

E Sysiem Reset

HP iB COMMANDS SHDWN iN PARENTHESES

F:gure 4-2. Cmmparamr-ﬂased System Dafa F!mw
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Table 4-13. 70746A Binary Interface Typical Program {Cont’d)

PROGRAM

: it B>=4;B-4—B;1—D

. it B>=2;prt “ref error’’;*
g—D

: It B=1;prt “meas error’’;
g—D

: if D=@;gto"‘prterr”
51: rdb{2)—B
52: wib2,246,3

53: rdb(2)—B; if B<g;
65536+8B—B

54: rdb{2)—G;ifC<g;
65536+G—G

55: int(B/4096)—D

56: B-4896*D—B

57: {65536*B+G)*tnl{2-D}—B
58: if F=8 and B-160#0;

{ B-2i28—B

59: if F=1 and B-160#0;
B-2128—B
60: ret

61: “prterr’:ifF=0;
prt “X-AXIS ERROR"

62: if F=1; prt
“Y-AXIS ERROR”
63: dsp “go to gage”’;stp
64: gio @
65: end

if Bit 26, D=1 as possible recoverable error. Clear Bit 26.

COMMENT

[f Bit 25, D=8 as irrecoverable error. Clear bit 25.*

Iif Bit 24, D = @ as irrecoverable error. Print “meas error”.

go to “prterr” if irrecoverable error. Refer to step 61.

Read in bits 31-16. Complements if negative,

Reads in bits 15-8. Complements if negative.

D contains bits 31-28 decimal point information.

B = Bits 27-16.

B*2116 + Bits 15-8. 2-D applies decimal point.

Correct for overflow. {Really underflow}.

Correct for overflow. (Really underflow).

Irrecoverable error, so stop and go to gage.

i Overflow only. Read in bits 15-8 to complete previous 3P command.

240 = PO = clears error bits on 10746A so 28 bits of data can be
transferred with 3P command. 3 = 3P = prepare to transfer,

W—

*|t should be noted when a reference error occurs both measure and error signals will also go true. In this

example X and Y will both show a measure error aithough no measure error has occurred.

If using a 5510A Automatic Compensator, a 8V(96) command must be sent to guarantee update of data.
(This should be done at beginning of program.)

Table 4-14. Binary Intertace Typical Program Variables

CONTENTS

e i
VARIABLE

ri

r2

r3
.

X Tolerance in Microns
Y Tolerance in Microns
X Destination in MM or Fringes

Y Destination in MM or Fringes

Compensation Number for VOL and Material Temperature

Current X Location in Fringes

Current Y Location in Fringes
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10746A Bmary lnterface
| Adtiress = P '

+— 000 () SRS
(98032A Jj  Calculitor
Select Code = 2) =

10762A Comparator
OVE Counter

n

-~ Pestination

Buffer

28 Bit Difference

X - Up/Down Pulses

 Resolution
- Extender

Meas X

- Ref

or  DA— ST i

— Y - Up/Down Pulse
- Destination

— 28 Bit Difference

10755A Copensﬂtiun Interface
- BCD Reg.

O99XYZT

=~ Converter

- = - Automatic

Compensator

5510A OPT 010

- Buffer

GO9XYZT

O wtb 2,89 @ 98.3

. p—

} System Reset

HF‘ IB COMMANDS SHOWN IN FARENTHESIS

e

Figure 4-2. Cmmparatur-«Baaed System Ddfa F!ﬂw
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10746A Binary Interface

08 (V)
R
{38032A
r Select Code = 2)
|
28 Bit Difference
——
X s Up/Down Pulses
107543 Fast Pulse Canvert:}r
~— Hesulutmn
El‘fﬂl' " Extender
o
{Bespnﬂds to X nr Y Ref
Meas Y
Y - Up/Down Pulse
P
| 28 Bit Difference
;:
:
3‘ 999K1Y1Z1T1
— Converter 5510A OPT g‘;g

989X 1 ‘1"1 Z1T1 '

o owth 2. 0 9 8 98 3

T,

t . Transfer compensation data to 10746A and take new reading.

*HP-IB commands shown in parenthesis.

Figure 4-2. Comparator-Based System Data Flow (Cont'd)
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10?46A BII‘IE’H’Y interface

3 (2P}

AT i b

{(98032A

32 Elts

1 {}? BEA Cnm parat{:rr
{;v F Cﬂunter

n
R E}Eﬁtiﬂﬂfiﬂﬁ =

- ‘Buffer . :_:_3' X - Up/Down Pulses

28 Bit Difference

307643 Fast Puise Cunvertur
e H&suiutlﬂn
Errﬂr - Extender -

5 - -

3 (Respﬁnds to XorY i Rt

| pdd ”555} RESﬂlutlﬂn;i f:ff.; .-
Ermr Ext&nd&r

R PP T B P

1 U?ﬁZA Cum parator
GVF Cﬂunter

- 1611 T Up/Down Pulse

ﬂestmatmn

e (iGas Y

Buffer . 28 Bit Difference

10755A Cﬂmpensatlnn Interfaue
' BCD Reg. '

| o 999x.;*r1zm

Cunve rter

- - Automalic

Euffer

999X¢Y@Z§T1

O wth 2,0 0 0 98, 3#

f Set 10740A card o data fransfer out mode.

"WP-iB commands shown in parenthesis,

F:gure 4 2 Ct}mparamrwﬂased Syszem Data F:‘-:::w (Cmnt d}
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Compensatnr




10746A Binary Interface

BITS 31-16

e E——  EE—— E——  ——

{88032A
Select Code = 2)

28 Bit Difference

X - Up/Down Pulses

- Meas X

{Hés'punds m-){_'ur ) e Ref
Address} Besolution

Error Extender Meas Y

Y - Up/Down Puise

28 Bit Difference

999X1Y 124171 s

5510A OPT 010

~Automatic

_ Compensator

32: “in": rdb (2)—B; if B <0, 65536 + B>B j=—— Read bits 31-16 (1 word), the

*‘HP-1B commands shown in parenthesis.

compensation number into variabie B.
if negative, complement the number.

Figure 4-2. Comparator-Based System Data Flow (Cont’d)

D
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10746 A Binary Interface
Address =P

Error

SITS 15-0

——

-~ Buffer

- 3Z Bits

10762A Comparator
. OvE . Counter

= Buffer

10764B Fast Pulse Convertor

Resolution

{38032A
Select Code = 2)

28 Bit Difference

X - Up/Down Pulses
H e

Error Extender

o EDE

{Responds to X or Y

Mdress} Resolution
Error . Extender

Meas X

—— Bof

Meas Y

= Kl

10762A Comparator
OVF -~ Counter

Destination

H I

10755A Compensation Interface
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B CAEVARE

i, T ii_f.;ﬁ_._:._*' BuffEr

| 999X1Y4Z1 T

34: rdb (2)~=G: if G 0, 65536 + G—+G }ue

i

*HP-IB commands shown in parenthes:s.

g8 165 _
Y - Up/Down Puise

Buffer 1 28 Bit Difference

. Automatic

Read bits 15-8 {1 word)}. If negative,
complement the number.

Figure 4-2. Comparator-Based System Data Flow (Cont’d)



10746A Bmarv Inter face

-4 e
=t~ P
(98032A
Select Code = 2} ™=
} 28 Bit Difference
S22l X - Up/Down Pulses
' R&sulutlﬂﬂ
Errnr  Extender
: “ X10 v Meas X
{H& undsm){urY Ref
- _ =
Mdmﬁ} Resolution
Error Extender . Meas Y
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} 28 Bit Difference
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999X1Y1Z1T1 §
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( Set 10746A for data input from calculator. F
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Remember that deciding how to physically mount the individual units on your equipment is
only done once (provided it is done correctly). Therefore, be sure that you have examined
all the factors that will affect your measurements. It is well worthwhile to spend extra time
before mounting the equipment to minimize equipment downtime later.

1.4 Section Ill, System Electronics

The system electronics are covered as follows:

a.
D.

C
d.

(D

A brief description of the overall function of the system electronics.
HP-IB Interface Electronics.

Computer interface Electronics

English/Metric Pulse Output Electronics.

10781A Pulse Converter Electronics.

Theory of operation for each individual unit.

In this section you need only read the areas that directly pertain to your system.

1.5 Section IV, Programming

The programming section is also divided according to system configuration. However, some
of the most useful information you will find in this section are the block diagrams that show
the movement of data between units of the system. This movement is similar for all type sys-
tems and therefore each example can be studied to increase your overall system knowledge.
The information is presented as follows:

d.

A general discussion of the aims and methods of programming the Laser Transducer
System.

A table of individual commands for each unit of the system that is programmable.

Commented programs and examples of measurements and data movement using the
9825A Caiculator as the system controller and the 10745A HP-IB Interface.

Commented programs and exampies of measurements and data movement using the
10746A Binary Interface. The 9825A Calculator is used as the system controller but
the program illustrates how a computer could be used instead of the 9825A.

A general discussion with examples of data handling after the data has been trans-
ferred to the system controller.

A general discussion of how to debug (remove errors from) your program. Specific
examples of common errors are given.

NOTE

The operating procedures (other than initial turn on) for the
Laser Transducer System are dependent on the programming
or design of the system controller,

General operating instructions for a typical system and a brief explanation of the con-
trols on applicable units.
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Figure 4-2. Comparator-Based System Data Flow {(Cont’d)
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10746A Binary Interface
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10746A Binary Interface
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4. 11 DATA HANDLING TIPS

When writing application programs for a specific Laser Transducer System, the applicable -
tollowing paragraphs should be read in addition to reviewing the typical programs in Tables
4-12 and 4-13.

Subtraction of preset numbers

Conversion to inches or metres

Conversion when deadpath is included

Handshaking routine between a controller and the 10746A Binary Interface
Conversion of destination and displacement information when using the 10762A
Comparator .

f.  10762A Comparator/10764B Fast Pulse Converter I/O format

©an o

4.12 Subtraction of Preset Numbers

When using the 10745A HP-IB interface subtract the following counts:

a. 160 counts if in normal mode,
b. 16 counts if in extended resolution.

When using the 10746A Binary Interface, the program is such that you must subtract 160
counts from the raw number that is transferred. The decimal point information is contained

in D (bits 31-28). After subtracting the 160 counts, multiply the result by 10{2-D) to obtain a
catibrated result,

4.13 Conversion to Inches or Millimetres

In the case of displacement data (X,Y,Z, etc.), it is normally necessary to convert the raw data
to compensated millimetres or compensated inches. First the number must have the correct
preset number subtracted (and in the case of a binary number, the decimal information applied)
as explained in the previous paragraphs. The resulting number must then be muitipled by the
compensation factor and the proper conversion factor. The conversion factors are as follows:

a. Multiply by 6.23023X10°¢ to convert to inches.
b. Multiply by 1.58248X10 to convert to millimetres.

The compensation number corrects for the velocity-of-light (VOL) factor and possibly material
temperature (if the 55T0A Opt 010 is used to monitor this factor). The material temperature com-
pensation converts the information back to alengtn at 20°C (68°F). These multiplication numbers
assume there is no deadpath.

4.14 Conversion when Deadpath is Included
Deadpath is defined as the distance between the interferometer and the cube-corner at the #

(gage) position {see Figure 4-3), It is assumed in the following discussion that you have read
and understand the discussions in Section 1l that explain deadpath and VOL errors.
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GAGE
» DEADPATH  |jgp——
RESET POINT PRESET POINT

@ PGSITION

Figure 4-3. Conversion when Deadpth is Included

As was discussed in the Deadpath error compensation section, the gage or @ position should
be a defined machine position. At this @ position, the distance between the interferometer and
the retroreflector must be known. The distance “D” which is the total distance consists of 2

parts “‘d” and “t

b |

It is very important that the distance “t” be determined as the absolute distance and all soft-
ware presets and resets be referenced from the gage or g position.

ik e, PE

This expression is provided so Ad can be computed

(k) (Co) (Ag) d must be measured manually. Must be
related to 20°C (68°F).

t = (k) (C) (A¢} Ad and At are vacuum wavelengths
D = (k) (€) (Ag+A¢) Ad should be approximated by d
K {Co)
t = D-d
t=(k) (c) (\g+ry =d
N RS
Total Deadpath
Compensated Distance
Distance Related to 20°C (68°F)
NOTE

k is the conversion constant (see 4.13).

C, is compensation number when gage originally determined.

Remember that A¢+160* is the count from the 10760A Counter or from the
10762A Comparator.

The variable “‘¢”’ in the above expressions is the ratic of air wavelength to

vacuum wavelength, i.e., that number provided by 10756 or 5510, e.g., 9997324.

*16 if extended resolution and 10745A HP-IB Card is being used.



1.6 Section V, Installation and Checkout

This section provides instructions for installing and checking your system to ensure correct
operation. The procedures are step-by-step instructions for assembling a system and are
divided as follows:

a. Preliminary checkout of individual units. For example, instructions are given on how to
check the laser transducer head and receiver prior to mounting them on your
equipment.

b. Physical installation of the laser transducer head, receiver, and optics. This procedure
references Section H, LASER TRANSDUCER AND OPTICS, and the layout measure-
ment paths you have prepared.

c. Recommended mounting and interconnection of electronics. Section V contains detailed
information to install and interconnect the system. Details of the cable connectors are
given in Appendix C. If the cables need to be fabricated, refer to Appendix E.

d. A system checkout procedure, including some simple programs, to verify that your
system is operating correctly.

e. Any critical adjustments necessary to bring your system on-line (e.g., power supply
adjustments).

1.7 Section VI, Troubleshooting

This section tells you what to do when your system fails in order to return it to proper oper-
ation in the shortest possible time. The troubleshooting information is presented in the fol-
lowing manner:

A general discussion of how to troubleshoot and repair the Laser Transducer System.

b. Troubleshooting tips for rapid fault isolation. This will tell you how to quickly locate
a problem after your system has been operating.

c. A detailed troubleshooting procedure that is keyed to the system checkout procedure.
By structuring the troubleshooting procedure in this manner it is possible to make
valid assumptions of equipment condition at different points in the checkout procedure.
For example, if the system controlier has been checked and is functioning properly,
it can be eliminated as a source of trouble at that time. This approach allows the use
of the troubleshooting procedure during initial installation and checkout, and also if
a problem can not be located after the system has been operational. The latter is done
by disassembling your system and reperforming the installation and checkout proce-
dure. One caution about the use of any troubleshooting procedure is that somewhere,
sometime a trouble will occur that defies analysis by written procedures. At that time,
the only solution is a knowledgeable, patient person tracking down the symptoms
until each has been corrected.



Quite often the location is measured on a relative basis; that is, a certain location on a part is
a zero or reference. For example, assume that a zero is required at distance “t” from the gage
or @ position of the machine.

X=1t+s X = the number currently displayed.
t = compensated distance from the gage.
s = a normalized software offset.

X=1-1, For reset, s =t
and t, = t at time of reset

it preset {P) desired, t, =-P +1 at time of reset,
where P is the preset number,

4.15 Handshaking Routine between a Controller and the 10746A Binary Interface

In these examples, the 10746A Binary Interface is inputting from and outputting to an HP
12566B ucircuit interface card. Figure 4-4 shows how to send data or instructions to the 10746A,
and Figure 4-5 shows how to obtain data from the 10746A.

Since the flag and control signals from the 10746A are very fast, care must be taken to inter-
face simply to the 12566B ucircuit interface card. As the 125668 Input latches are not edge
triggered, it is necessary to have the input latches follow the data. After a flag is received, the
‘data can be loaded via an LIA instruction and the computer clears the control signal to the
computer.

CDMMAND—-——] L._..______._..—.
FLAG -———--J L______._m

DATA

SEY CONTROL
LiA INSTRUCTION

CLEAR FLAG
CLEAR CONTROL ..
N
ESERRSI INSTRUCT{ON :
INPUT NOP INPUT DATA INTO A-REG SUBROUTINE
STE 5¢,€ SET CONTROL, CLEAR FLAG ‘
SFS SC CHECK FLAG
JMP *- 107464
LIA SC INPUT DATA TO COMPUTER
CLC SC CLEAR
JMP INPUT, I CONTROL

*These shﬂu.‘d be mvertea’ to be mnmtent wrth the pﬂiarffres {}f the 125663 {CMD FLAC})

""""""""""""""""

 Figure 44. "Receiving Data from the 10746A*
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FLAG

VALID
DATA OR INSTRUCTIONS

7

OTA INSTRUCTIONS

SET CONTROL CLEAR CONTROL
CLEAR FLAG INSTRUCTION
INSTRUCTION

CLOCKS DATA

OUTPT NOP OUTPUT A-REG
OTA SC OUTPUT TO BUFFER
: STC SC, C SET CONTROL, CLEAR FLAG
-! SES SC CHECK FLAG
IMP * -1 10746A
CLC SC CLEAR CONTROL
JMP QUTPT, |

Figure 4-5. Sending Data or Instructions to the 10746A

4.16 Conversion of Destination and Displacement Information When Using the
10762A Comparator

When utilizing the 10762A Comparator, one of the prime functions of the system controller is
to transmit to the 10762A Comparator the destination address of the object under control.
Since this destination address reflects a displacement in inches or millimetres and the 5501A
Laser Transducer System measures in units of some fraction of the wavelength of laser light,
a conversion has to be made prior to transmitting the destination address. This wavelength of
the laser light is dependent on the environmental conditions under which the measurement is
f made, therefore, the conversion must take this into account.

The general form for converting to wavelength units is:

Destination in Inches or Millimetres

*Destination in wave- ( Environmental : (Cc}nversinn Factor f{}r)
length units Compensation Factor wavelength units

*As noted earlier the 160 count preset must be included in this destination.
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The environmental compensation factor is a number slightiy less than one; i.e., 0.999XYZT, where
the digits XYZT are obtained from either the 10756 A Manual Compensator or the 5510A Opt 010

Automatic Compensator. The conversion factor for wavelength units depends on the measure-
ment resoiution selected in the 107648 Fast Pulse Converter, u/4 = 1.58248 X 10-4mm, u/8 =

7.91239 X 10-5mm, etc,

This destination in corrected wavelength units is computed by the system controller and out-
putted to the 10762A Comparator via the 10746A Binary Interface where it is constantly com-
pared to the up/down counter.,

Conversely, if the up/down counter contents are transferred to the system controller to deter-
mine the position of the object under control, the displacement data in fractional wavelength
units can be converted to inches or millimetres as follows:

Displacement in  _ / Displacement in ) ( Environmental )(Cmnversiﬂn Factor for
Inches or Millimetres \Wavelength Units/ \Compensation Factor/\ Wavelength Units

4.17 10762A Comparator/10764B Fast Pulse Converter Input/Qutput Format

Table 4-15 shows the input/output format of the 10762A Comparator and the 107648 Fast Pulse
Converter.

4,18 PROGRAMMING AND DEBUGGING TIPS

The first and most important thing to remember about programming the HP 9825A Calcuator
to act as a system controller is that the documentation for the 9825A Calculator contains ex-
tensive exampies and techniques of how to properly program and debug the calculator routines.

In addition to that, when specifically programming for the Laser Transducer System keep the
following points in mind:

a. When in doubt if it is a hardware or software problem, write some very simple programs
to input the raw data {e.g., 2V3P to output the compensation number, or 102X30 to
output, input, and dispiay in decimal}.

b. Use the least number of cards possible to perform a specific function.

¢. Make extensive use of STOP, HALT, or PRINT statements that output the results im-
mediatley. These statements make it easy to localize a problem within the software.

d. Check the handshake routine between the system controller and the system interface
card, {(either the 10745A HP-IB or 10746A Binary Interface}. Make sure you are giving
a reset at the start of the program. This can be done by pushing the reset button on the
calculator, using an external reset line, or sending reset commands. Note that if the
system uses the binary interface and 16-bit words, you should send three P instruc-
tions, If it uses 8-bit words send five 9P instructions.
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Remember certain instructions (e.g., 30 or 3P) that request an output from the Coupler
require that after the next handshake, the controller must read in the data from the
Coupler. With the Binary Interface this is normally done using a RBYTE instruction
(the controller reads either four 8-bit bytes or two 16-bit bytes).

In the case of the 4P command the comparator card expects to receive data from the
controller with the next handshake. Note that this applies only to the 10746A Binary
Interface. The 10745A HP-IB Interface cannot send data and, therefore, cannot be used
with the comparator card.

There is one handshake for the instructions (e.g., 3P) and then a handshake for each
word or byte of data transfer. For two 16-bit words, two additional handshakes. For
four 8-bit bytes, four additional handshakes.

With the Laser Transducer System it is easy to check just a few cards at a time. You
can check the display by writing a simple program that enters data from the keyboard
and then outputs it to the display. The coupler can be checked by simply inputting
compensation numbers. Use the calculator display to observe the data to help simplify
the troubleshooting.

Be sure to determine the correct polarity of your interface card (this does not apply to
the 10745A HP-IB Interface}. Some cards are positive-true (e.g., the 10746A Binary
Interface}. Other cards are negative-true. The quickest way to check {if there are no
other malfunctions in the system) is to send different commands both ways. Refer to
Table 4-11 for examples of specific commands.

Remember that with the binary interface it is possible to have an overflow error and
still have valid data. In order to strip off the error bits and get the decimal point bits
plus the displacement bits, give any command that starts with @ {e.g., 80). This
clears the binary interface card error bits. Then give a 3P command.

At the beginning of each program using the HP-IB, it is very important to give a device
clear and a remote enable instruction {refer to Table 4-172).

Keep in mind that a 2V instruction outputs the previous compensation value. There-
fore its accuracy depends on how often the compensation number is updated.

The characters #(zero) and O (as in Oslo) are different and not equal.

OPERATION

The operating procedures {other than initial turn on) for the Laser Transducer System are
dependent on the programming and design of the system controller. For your convenience,
Figures 4-6 through 4-9 provide locations and descriptions of the controls and indicators on

the system units.

CEAMTION: CISOLER RECEPTEUR ~ BRILISER UNIDUEMENT WIS NYLON. . | SIS
POUR FIXATIONGEBRAUCHE MUR. . - NYLOM SCHRAUSER-: 5 - H :
HECEIVER HOUSING SHOULD 8E . - ELECTRICALLY  ISCLATED FROM

L CMOUNTING FIXTURE -USE NYLOM SCREW ONLY - et

o LED Indicator. Lights when laser beam is sufficient to activate receiver.

e Receiver Connector.

o Test Point, Provides 0.6 to 1.5 Vdc output when receiver is activated,

Figure 4-6. 10780A Receiver
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Table 4-15. 10762A Comparator/10764B Fast Pulse Converter Input/Qutput Format

A. DATA FORMAT OF 10746A BINARY INTERFACE

2

The data output of the 10746A Binary interface includes 28 bits of data plus 4 bits of status/deci-
mal point which come from both the 10762A Comparator and the 10764B Fast Puise Converter.
Format can be either two 16-bit words or four 8-bit bytes. (Jumper-selectable on the 10746A

Binary Interface).

a. Two 16-bit Word Format
This format outputs the position data in two 16-bit words in the foliowing format

with the most-significant bits first.
Word 1
MSBD; D, D; Dy Gy Gy Cps Gy Gy Gy Gy Gy Gy Gy Gy Gy
Word 2
LSB Cys Ciy Ci3 Gy Gy G G G C;, G C C, G G, G G

Where D — Decimal Point/Status
C — Counter Data

If D, D, D, D, = 1111, this indicates either a measurement error or the fact that the counter
and comparator are within the 4-bit tolerance. Bits C,, C,, C,5 C,,; will determine which
condition exists. When bits C,; C,. C,; C,, = 1111 then the Counter and Comparator are
within the +4-bit tolerance. If C,, C,s C,5 C,  # 1111, then these bits will be a code indicat-

ing the following measurement errors:;

It C,, =8, a VOL error exists.

It C,, = 6, an overflow error exists.

It C,5; = @, a reference error exists.

If C,, = 0, a measurement error exists,

If D, D, D, D, # 1111 then these bits will indicate a decimal point location (Resolution
Extension) and bits C,, C, C,5 C,, will then be data.

b. Four 8-bit Byte Format

In this case the data will be inputted in a format of four 8-bit bytes with the first word
being the decimal point/status and the 4 most-significant data bits.

Word 1
psE D, Dy D B, C Cu Cu Ty

Word 2
CH CII CH CE{F c‘l? Ciﬂ C‘l? CIE
Word 3
Cis Cis Cis C Ciy € G G
Word 4

ISBCy € €: € 6 € 6 G

The same rules for the decimal point status bits apply here as for the two 16-bit word format.

Data Input to Comparator Card

When it is desired to input the Destination and Tolerance data to the 10762A Comparator
Card, the data can be inputted in either the two 16-bit word or four 8-bit byte format.




Table 4- 15 10762& Comparator/10764B Fast Pulse Converter Input/Output Format (Cnnt d)

l The data furmat would be identical to that discussed for the output mode except that the =

most-significant bits would now be the tolerance. For example, the two 16-bit words would be
as follows:

Word 1

MSB TE TE T1 T{} CIF CE? CZE C.‘H CI] CEE C21 CID C‘I? C'iE CT? C‘IE

Word 2

LSB Cis Gy Cuy Gy Gy Gy G € €, € € C, G C, € G
Where T — Tolerance Data
C - Command Data

B. INPUT/OUTPUTSEQUENCE
Output Segquence

When it is required to sample the counter on the 10762A Comparator Card, the following
sequence would be implemented in the form of commands to the 10746A Binary interface
from the System Controller.

a. Sample Command (either both axes simuitaneously or individually, 1P, 1X, etc.).

This samples the Counter and stores the sample in an output buffer on the 10762A
Comparator Card (1 microsecond).

b. Counter Quiput Command (2X, 2Y, etc.)

This command transfers the contents of the counter and the 4 status bits to the
10746A Binary Interface and formats this into either two 16-bit words or four 8-bit
bytes (2 mircosecond).

c. Binary Interface Output Command (3P)

Sets up card to accept a control bit. After the control bit is received, data is placed
on the output lines.

When the first word is accepted by the System Controller it will send a control bit
back to the 10746A Binary Interface requesting the second word which will then
output the second word, etc., (3 operations for 16-bit words, 5 operations for 8-bit
words, 1 microsecond per operation).

| 2. Input Sequence

When it is desired to load the Destination and Tolerance onto the 10762A Comparator, the
following sequence is implemented:

a. load Data Command (4P)

This command to the 10746A Binary Interface from the System Controller prepares
the Binary Interface to accept the four 8-bit bytes, or two 16-bit word Destination
and Tolerance (1 microsecond),

b. The System Controller then outputs the first data word to the 10746A Binary inter-
| face, sends a control bit acknowledging the action and outputs the next data
word, etc., until the destination address is loaded. When the last word is lcaded, the
’ 10746A Binary Interface formats the address for transfer to the 10762A Comparator
(2 operations for 16-bit words and 4 operations for 8-bit bytes. 1-microsecond per
| operation.)

c. Transfer Command (to specific axis, 3X, 3Y, etc.)

Transfers destination address from 10746A Binary Interface to the specific 10762A
Comparator Card (1 microsecond).

3. Sample Instruction {external or from System Controlier, 1P, 1X, 1Y, etc.)

Since the act of loading the Destination and Tolerance will force a Null or Zero difference
on the Digital Difference Qutput, Sample Instruction is required to release the forced null
(1 microsecond).

J

4-51



 _LASER CUHRENT .
. HETUNE FARURE
& mrETONE

0N = o

g
DIAGNOSTIC
12
¢ +15V UNBAL Lights when +15V dc power is high by approximately one-volt or more; or when the
(LED Lamp) -15V d¢ power input is low (i.e., less negative) by one-volt or more.
i 2. -15V UNBAL Lights when =15V dc power is high (i.e., more negative) by approximately one-volt
(LED Lamp) or more; or when the +15V dc power input is low (i.e., less positive} by one-volt or |
more. |
§ 3. +15V FUSE Lights when +15V dc fuse blows.
(LED Lamp)
4. ~15V FUSE Lights when -15V dc fuse blows.
(LED Lamp)
5. POWER ON Lights when external power has been applied to Laser Head.
(LED Lamp) '
6. LASER CURRENT Lights to indicate Laser Tube current is not within appropriate operating limits,
(LED Lamp)
2 RETUNE FAILURE Lights to indicate the Laser Tube is not properly tuned or that retune cycle did not
(LED Lamp) retune the laser.
8. RETUNE Lights to indicate that retuning is required or that retune cycie is in progress. Light
(LED Lamp) shouid go out approximately 9 seconds after the RETUNE pushbutton is depressed. If
light remains on, a tuning fault is indicated.
9. RETUNE Manually activates Retune sequence.
(Pushbutton)
10. REFERENCE SIGNAL Allows the reference signals (REF and REF) and +15V power to be interconnected to
(Connector, ]1) other system components.
11. POWIER - Provides connecticn point for external power supply input.
(Connectaor, )2
12. DIAGNOSTIC Allows monitoring of diagnostic signals and application of RETUNE command by |

(Connector, )3} external equipment.

Figure 4-7. 5501A Laser Transducer Rear Panel Controls and Indicators
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NOTE

The SENSOR DISPLAY section is not used with most Laser Transducer
Systems. if you have a Calculator Interface System a programming rou-
tine is included that will display the selected function on the calculator
display.
1. SENSOR DISPLAY selector. When the DISPLAY-OPERATE-SCAN (3) switch is set to DIS-

PLAY, the SENSOR DISPLAY switch selects a measurement or factor to be displayed on the
calculator display. These measurements or factors are as follows:

a. TOTAL COMP. Compensation number in parts per million {includes compensation for
workpiece temperature).

b. (1) COMP AIR ONLY. Compensation number in parts per million due to air measure-
ments only.

(2} % HUMIDITY. Percentage of relative humidity.

d. (3} AIR PRESSURE. Barometric pressure in either inches or mm of mercury as deter-
mined by the in Hg — mm Hg switch.

e, (4) AIR TEMP. Air temperature in degrees Fahrenheit or Centigrade as determined by
the °F — °C switch,

NOTE

The calculator will display a reference temperature of 20.0°C (68°F)
when a material sensor is not connected to the calculator. However,
the pushbutton will only light for those sensors which are connected.
If the air probe is not connected, the calculator will display a reference
temperature of 28.0°C {82.4°F) and a humidity of 10%.

et A S e e Sl Pt R P P S L

B B ot vt R s, e o e O T T e s e A R P R B e P [ o2 I oo o Pt A e e ek St WAL sy v

Flgure 4 8. 5:10A Opt 010 Automatlc Cﬂmpensatﬂr ant Panel Cnntm!a and Indicatﬂrs
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10.

3% (5) T.. Material temperature measurement of sensor No, 1 in Fahrenheit or Centigrade
as determined by the °F — °C switch,

(6) T,. Same as T, but for sensor No. 2.
h. {7) T,. Same as T, but for sensor No. 3.

L. (8) T AVERAGE. Average temperature of the sensors selected with the while push-
button switches {T;, 15, T,).

j. (9) TEMP COEFF. PPM/degree setting on Material Compensation thumbwheel switch.

“op—oC” and “in Hg—mm Hg”’ switch. Selects either English or Metric units for the dispiay.
Only operative in positions {3) through {8} of the SENSOR DISPLAY switch. Setting of this
switch does not atfect the compensation number.

DISPLAY—QPERATE—SCAN switch. In DISPLAY position, the calculator will display the setting
of the SENSOR DISPLAY switch. When set to OPERATE, the Laser Interferometer system is

operative; the source of the compensation number will be determined by the setting of the
AUTO —MANUAL switch, SCAN position, not used with Laser Transducer System.

AUTOMANUAL switch. Always set to AUTO when used with Laser Transducer System to
supply compensation numbers to the 10755A Compensation Interface.

MATERIAL COMPENSATION thumbwheel switch, Used to enter material temperature
coefficients in ppm/degree of Fahrenheit or Centrigrade.

OFF indicator switch, When lit, indicates that all material temperature sensors are OFF.
When pushed, disconnects all material temperature sensors,

T, Indicator and Switch. When lit, indicates that temperature sensor 1 is operative, when
pushed, selects sensor 1.

T, Indicator and Switch. Same as above for T, sensor.,
T; Indicator and Switch. Same as 7 above for T, sensor.

OUT OF RANCGE indicator. Indicates that measurement conditions are out of the range of the
compensator.

Figure 4-8. 5510A Opt 010 Automatic Compensator Front Panel Controls and Indicators (Cont’d)
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1. Display: Seven-segment light emitting diode, 10.9 mm (0.43 inches) high; 14 characters, each
with decimal point.

2. ON Ingdicator: When illuminated, indicates instrument has primary power (+5V dc) applied.
The +5V dc power on~of switch is on the rear panel,

3. LISTENING Inidicator: When illuminated, indicates that characters will be accepted for display.

4.  OVERFLOW Indicator: When illuminated, indicates that the 14-digit capacity of display has
been exceeded, The most-significant information (digits} has been lost.

5. CHECK Switch, When pressed, illuminates all 14 digits as character “8” along with all deci-
mal points. This tests all segments and decimal points in the display. The CHECK function
aiso tests the LISTENING and QVERFLOW indicators.

Interchangeable panel label to denote measurement data. In this case, the data could repre-
sent Z-Axis measurements,

LI
*

"~ Figure 4-9. 10783A Numeric Display Front Panel Indicators |

4.20 Initial Power Application

WARRNING

BEFORE PERFORMING THE FOLLOWING STEPS, BE SURE THAT
ALL 3Y57EM 1TEMS THAT ARE COMMELTED 7O AN AC POWER
SOURCE HAVE A COMMON EARTH GROUND CONNECTION, IT
IS POSSIBLE TO HAVE A DIFFERENCE IN ELECTRICAL POTEM-
TlAaL BETWEIN THE VARIOUS SYSTEM COMPONENTS IF A
COMMON GROUND 5 NOT ENSURED, THIS COMDITION CARN
CAUSE INJURY TO OPERATING PLRSOMNEL AND/OR CAUSE
DAMAGE TO THE SYSTEM COMPONMENTS. ALSD, BE CERTAIM
THAT ANY SURRCGUNDING EQUIPMENT, SUCH AS A MACHINE
TO0L, HAS THE S5AMELI COMMON GROUND FOR T8 POWER
SOURLCE AS THE LASER 5Y5TEM GROUND,

If the system does not have a separate master power on/off switch, power is applied to all
units when the individual power supplies are connected to line power (refer to Section V). For
convenience, it is recommended that all power cords be routed through a master power G/
OFF switch.
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1.8 HOW TO USE ALL OF THE MANUALS

The number and type of manuals supplied with your system is dependent upon the specific
system. Figure 1-2 is a family tree of the manuals supplied with each type of Laser Trans-
ducer System. To use this documentation effectively you must familiarize yourself with the
contents of the individual manuals.

Every Laser Transducer System is supplied with this system level manual, a 550TA Laser
Transducer Head unit manual, and a T0780A Receiver unit manual. As the family tree indi-
cates, the 10700 series optics are covered in this manual. The remaining documentation is
split into the following groups:

1. HP-IB Interface System manuals.

Computer Interface System manuals.
English/Metric Pulse Output System manuals.
10781A Pulse Converter System manuals.

. G Do

The important point to note about this division is that the information contained in these
manuals provides both prerequisite, concurrent, and back-up information to the system
manual. Unless all of the manuals are used effectively, you may encounter difficulty in instal-
ling, operating, and maintaining your system properly.

As an example, examine the additional manuals supplied with the HP-IB Interface System. First,
vou will receive all of the 9825A Calculator and Hewlett-Packard Interface Bus (HP-IB) manuals,
Since the calculator and HP-IB control the system, the information contained in these manuals
is a prerequisite to learning how to program your system correctly.

In this manual, Section 1V, PROGRAMMING, provides the additional information necessary
to program the lLaser Transducer System. However, the programming information in this
manual presupposes<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>