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3.9 10781A Pulse Converter

The 10781A Pulse Converter is the simplest method of getting useful inform at ion from the
Laser Transducer to external equ ipment. A typi cal system contains the following electronic
equipment :

a. A 5501A Laser Transducer.
b. Two 10780A Receivers.
c. Two 10781A Pulse Converters.
d. Two power supplies (+15V and +5V).
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The 10781A Pulse Converter (Figure 3- 7) co nverts the measurement and refere nce sig nal s to
pulses that can be counted by an external counter. The o utput consists of up/ down or A-Q uad­
B pulses of l/4-wave length val ue , Refer to the unit manual for add itional informatio n and
specifications.
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Figure 3-7. 10781A Pulse Converter Electronics Block Diagram

3.10 DETAILED TI-IEORY O F OPERATION

The detailed theory of operation is subd ivided as follows:

a. 5501A Laser Transd uce r.
b. 10780A Receiver.
c. 10740A Co upler.
d . 10745A HP-I B Inte rface .
e. 10746A Binary Inte rface .
f. 10760A Counter.
g. 10762A Com para tor.
h. 10764B Fast Pulse Co nverter.
I . 10761A Multiplier.
J. 10781A Pulse Converte r.
k. 10763A English/Metric Pulse O utput.
I. 10755A Compensation Interface.

m. 10756A Man ual Compensator.
n. 5510A O pt 010 Automatic Compensator.
o . 10783A Numeric Display.
p. 5501A Power Supplies.

3.11 5501A Laser Transducer

The 5501A Lase r Transducer (lase r head) is the so urce of the laser light for the system . The
laser head package meets the NEMA-12 standard for ind ustrial packages. Figure 3-8 is the
lase r head block d iagram.

The laser tube has the advantages of ve ry lo ng life-time, instant-On serv ice, and auto ma tic
tu ning. It is a two -frequency laser source: tha t is, th e laser beam conta ins two com ponen ts at
sl ightl y d ifferent freq uencies, po larized at right angles to each o ther. The freq uency sp lit is
abou t 2 x l Q6 Hz, compared to the laser freq uency of so me 10" Hz, and is prod uced by an
axial magnetic field which causes Zeeman splitti ng in the energy levels of the lase r medium
(helium-neo n gas).

3-13
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Figure 3-8. 5501A Laser Transducer Block Diagram

The laser system measures d isplacements by looking at the Doppler shift induced by the motion
of the displacements. Both freq uencies of laser lig ht come from the laser head to the inter fero­
meter , where they are sepa rated optically. O ne of th e two freq uency com ponents is d irected
to the object whose motion is being measured . There it is refl ected by a mirror o r retroreflec­
tor (cube-corne r) and returned to the interferometer . The effect of the motion is to cause a
Doppler shift in the freque ncy of the reflected component. The two laser light components
now differ in frequency by the original frequency split p lus or minus the Doppler frequency
shift . By integrating the total positive and negative excursions in the difference frequency,
the system can find the net d isplacement in wave lengths of laser light.

The pri mary adva ntage of the two-frequency "ac" measurem ent 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 ca n be as low as four rnicrowatts 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 fro m inside the laser head, where
space considerations would limit the number of receivers, to the outside world. As a result,
a single laser head can drive up to six linear measurement axes. Furthermore , the remote
receivers can be mou nted wherever most co nvenie nt; the laser ligh t need not be return ed to
the laser head.

The laser head provides TIL-logic-level d iagnostic signals that indicate the status of its auto­
tune circuit and supply voltages to the system co ntroller. Eight rear-panel ligh t-emitting
diodes give the same informat ion in vis ibl e form. A RETUNE pushbutton provides for manual
tuning whenever the laser exceeds its auto-tune range. The same fu nction can also be com­
manded by an exte rnal controller.

For add itiona l information and schematics, refer to the 5501A Laser Transducer Operating
and Service Manu al.
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3.12 10780A Receiver

,

The 10780A Receiver (Figure 3-9) conve rts the Dopp ler-shifted laser ligh t into electrical sig­
nals that can be processed by the rest of the laser system , The receiver conta ins a photo­
detec tor, an amplifi e r and level translator, a line d river, a level sensor (comparato r) , and
local voltage regulators.

,

,---

,,

A lens on the front e nd of the receiver focuses the laser light on to the act ive ch ip of a sil icon
PI N photodiode. Between the le ns and the diode is a small piece of polarizing material oriented
at 45 degrees to the horizo ntal and vertical axes of the rece iver. When the receiver is moun ted
prope rly- vertical axis para llel o r perpe ndicu lar tb 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 lase r beam . The resulting power on the photodiode chip is an
ampl itude-modulated sine wave; its freq ue ncy is the Doppler-shifted spiit freque ncy, and its
amplitude is proportio nal to the product of the inciden t powers of the two orthogonal com­
ponents. The photodiode generates an ac current , which is converted to an ac voltage at a
freque ncy of 100 kHz to 5 MHz.

l '

+5V
o

Differential
Output Signal­~\:

Beam
Capture
LEO

IV E,'em,':r: °l-evel Test
V Point

Refe rence
Level

... ~

+10V
~

Overload
Control

+SV

+10V

•
( Polarizer

Photodiode

_.0,

,

,

,
".-.-'

.'-

\ . - .'

r o
, ' , -

,

Figure 3- 9. 10780A Receiver Block Diagra m

,. -

j

,

.~ /

•

The detected signal voltage goes through a stage of impedance transformation, two stages of
voltage gain. and a stage of level translation . The result , a TTL-level signal, goes to a TTL
differential lin e driver. wh ich is ac-coupled to th e rest of the 5501A system by a sh ielded
twisted-pair cable. The output of the line driver is a different ia l square wave at the Doppler­
shifte d spli t frequency (measurement signa l).

The level sensor (comparato r) d isables 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 de
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 powerto the modules
from external power supplies connected to a barrier strip on its rear panel. Three de voltages
are required: +5V, +15V, and -15V. (The +15V is required only if the 5510A Opt 010 Automatic
Compensator is used in place olthe 10756AManual Compensator or ilthe system includes 10764B
Fast Pulse Converter.
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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).
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Instructions are sent from card to ca rd over an eight-bit-wide instruction bus and two status
lines called Instruction Valid (INSV) and O perat io n Complete (O PC) , Instructions consist of
two parts : a fou r-bit alpha address and a fo ur-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
oth ers , The mod u les and their add resses are :

"",, Module Address

T" 1
.; ;

1
1

10745A HP-IB Inte rface, 0
10746A Binary I/ O P
10755A Comp ensation Inte rface V
10760A Gene ral-Purpose Cou nter X,Y,l,A,B, or C
10761A M ultiplie r , M
10762A Comparator , X,Y,l ,A,B, or C
10763A English/Metric Pulse Outpu t X,Y,l ,A,B, o r C
10764B Fast Pulse Conve rter X,Y,l ,A,B, o r C

i.,
····r

1,
, " .I

In gene ral} a particular numeric command always has the same meanin g. However, different
modules respond differently to the same command . An impo rtant co ncept he re is that of im­
plied talke rs and listeners.

' I, I
,.J

O ne way to han dle commu nications in a bus-oriented system is to add ress o ne modu le as talke r
and one o r mo re modules as listeners. This req uires two modes of o pe rat ion, o ne for addressing
and one fo r data transfe r.
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.. For example, we can mak e the instructio n lines separate from th e d ata lines and agree that
all modu les will con tinuously mo nitor the instruction lines, look ing for and reacting to only
those instru ctions that co nce rn them and igno ring those that d o not. This means that a partic­
ular instructi on will have any o f seve ral meanings, depe nding upon a particul ar card's point
of view.

As an exa mple. consid e r the instruct io n t'2X" . The ad dress portio n is fiX" I whi ch could desig­
nate an X-axis cou nter ca rd in the system . Fro m the po int of view of the X-axis cou nter the in­
struction " 2X" means that it shou ld enab le its da ta o utput b uffe rs, its decimal poi nt position
code d rive rs, and its error fl ag d rive rs to the 10740A backplan e and set the Binary Data Valid
line tru e . To a 10745A HP-IB Inte rface card it means load th is info rmatio n into your data re­
gister, d ecimal poi nt code register, and e rro r flag register , and iss ue a service req uest (SRQ )
if there has been an erro r. To a 10761A M ultiplier, however, it says take the da ta be ing o utput,
multiply it by the laser light wavelength co rrected for changes in the index of re fraction of
air, and store the resul t. The X-axis cou nter card was the implied ta lke r and the mu ltiplier
and I/O card were the implied listeners . It was not necessary to ad d ress the counter as a
talker o r the I/O and multipl ie r as listeners.

, ;---.-'::::

There are fo ur lines o n the 10740A backplane tha t are dedicated to part icular fun ctions and
always have the same meaning . Two are no nadd ressed comm ands and two are status lines.
System Rese t is the command to init ialize to so me starting co nd itio n. This command is ge ner­
ated by the interface mo dules du ring power-up; it can also be sen t by the system controller.
Synchronous Samp le is the command to take present d isplacement informatio n and load it
into output buffe rs. It is used to get a simultaneous sample from all axes. '\-Mode is a status
code from counters and comparators, indicat ing to the multiplie r card whethe r q uarte r-wave
('\ / 4) o r e ighth-wave ('\/ 8) reso lution is be ing used in the system. System Nu ll is a status
code from comparators , ind icat ing the system has arrived at the req u ired destin ation. For
addi tio na l informat ion and sche matics, re fe r to the 10740A Cou pler Operati ng and Service
Manua l.
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3.14 10745A HP-IB Interface

The 10745A HP-IB Interface is an appropriate laser transducer input/output (I/O) module for
any system controller that is compatible with the HP Interface Bus (IEEE Standard 488-1975). Such
controllers include Hewlett-Packard Models 9815A, 9820A, 9821A, 9825A, 9830A, 9835A, and
9845A Calculators, HP 2100 Series Computers with the 59310B I/O card, or any HP-IB compatible
user-built controller. Figure 3-11 is a block diagram of the HP-IB card.

Error Bits ~ 4;
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28~8jt I / ~
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Figure 3-11. 10745A HP-IB Interface Block Diagram

The HP-IB card can operate as either a talker or a listener on the HP-IB. As a talker, it has two
modes of operation. First, when addressed to talk, it outputs a string of nine ASCII (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-IB card and can only be cleared with a reset command. The presence
of the error condition causes the HP-IB line called SRQ to be set true. The controller should be
programmed so that, when it recognizes this condition, it executes a serial poll, 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-IB 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 controller may
then send a reset command to clear the error register of the HP-IB card.

3-18
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As a listener, the HP-IB card receives a four-b it-wide command and a four-bit-wide add ress
and combines them into an eight-bit-wide instruction that is sent out over the instruction bus
on the backplane of the coupler. Each t ime its add ress buffer is loaded, the HP-I B card sets a
backplane li ne called Instruction Valid (INSV) to the tru e state to info rm cards in the coupler
to look at this instruction, Whenever INSV is true , the HP-IB card will not allow new data to
be loaded into its command and address buffe rs, It sets the HP-IB Not Ready fo r Data (NRFD)
li ne low whenever INSV is true and it is add ressed to li sten, Th is informs the ta lker on the
HP-IB that the HP-IB card is not ready for da ta.

,

There are two algorithmic state r\,achines (ASM) o n the HP-I B card, Th ey operate essentia lly
independently but because they share some common circuits they do not o perate simultane­
o usly, One ASM controls the binary-to-BCD conve rte r and the other controls the talker
function .

Whenever an output instruction for another ca rd occu rs on the coupler's instruction bus, the
HP- IB card takes the binary data, the decimal point position code, an d the e rro r fl ags that
are put on the backplane as a result of the instruction and loads this information into its input
data register , its decimal point reg iste r, and its erro r bit registe r, respectively. Then if a con­
version instruction occurs , the conversio n fli p-fl op is set and a signal is sent to the coupler
backplane indicati ng that the instruction need not be held . The output of the conversion fl ip­
flop is logica lly AN Ded with a Signal from the talker ASM sig nifying that it is not presently
talking , The result is a q ual ifier inp ut to the co nverter-control state machin e, When this
q uali fie r goes true, the converter-control state machine starts th rough its sequence of clocki ng
the binary-to-BCD converter and load ing its o utput into a random-access memory, Once
started, it proceeds on its own until the conversion is complete, at which time it clears the
con version fli p-flop.

The binary-to-BCD converter takes the 28-bit binary wo rd in the input data reg ister and , each
time it receives a clock pulse, outp uts a fo ur-bit BCD character. This co nversion takes place
least-significant bit fi rst to most-significant bit last. The 28-bit binary word translates a nine­
character BCD word and therefore it takes nine clock pulses to complete the conversion,

Befo re clocki ng the converter each time, the converter-control ASM checks to see if the RAM
address counter o utp ut agrees wit h the d ecimal po int position code stored in the decimal point
register. If it does, the converter is not clocked but the RAM address counter is advanced o ne,
This leaves a space in the data string for the decima l point.

The converte r-con trol ASM is clocked by a two-phase clock with a frequency of 3.33 MHz
+20%, Thus the time required for a comp lete conversio n of the 28-bit para ll e l b inary number to
a nine-character BCD number with decimal point information is be twe en 7 !'s and 10,5 us, The
typical value is 8,4 !'S, To date, there is no controller that can call fo r a co nversion and issue a
seco nd command before the conversio n is finished , But just in case one is bu il t, the converter­
contro l ASM and the talker ASM are interlocked so they will not try to operate simultaneously,
In addi tion, the HP-IB card will hold up a data transfer on the bakcplane unt il it finishes con­
vert ing the number. To take the converted data in the RAM and transfe r it to the controller,
all tha t is necessary is for the cont ro lle r to address itse lf to listen an d the HP-IB card to talk,
and put the HP-IB into the data mode (ATN false), When this happens the ta lker ASM takes
th e four-bit-wid e BCD data in the RAM, adds to it three add itional bits to make it seven-bit
ASCI I, and outputs it on the HP-IB , The talker ASM monitors the NRFD line and the NDAC
line on the HP-IB and drives the DAY line in accordance with the rules of the HP-IB, For
add itional information and schematics, refer to the 1074SA HP-IB Interface Operating and
Service Manual.
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3.15 10746A Binary Interface
.'

f

The 10746A Binary Interface (Figure 3-12) is the appropriate inpu t/output (1/ 0 ) interface for
a wide variety of computers and controllers that req uire an 8- o r 16-bit binary interface ,

•

The binary interface t ransmits data to the controller in the fo rm of two 16-bit binary words.
There are 16 lines fo r data output , so all 16 bits may be transmitted in parall e l. Alte rnativeiy,
on ly 8 lines may be used and the data sent as four 8-b it words , Data from the controller is sent
to the interface card in the same fo rmat, usi ng either the same lines or a separate set of tri­
state buffered lines that are turned off during data ou tput from the card .

"

Instruct io ns come
as data,

into the binary 1/0 card in the form of eight-bit words o n the same lines

•
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Figure 3-1 2. 10746A Binary Interface Block Diagram
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The transfer of an instruction or data word is controlled by a command line, which indicates
to the 1/ 0 card that the bit patte rn on the input lines is valid information, and a flag line,
which indicates to the controller that the data bits have been accepted . Whe n data is trans­
ferred to the controller the fla g line ind ica tes valid information and the command line indi­
cates data accepted , a co nventio n common to many 1/ 0 structu res.

••

\"

Because instruct ions and data sha re the same lines, the I/O structure has two modes of oper­
ation , called command mode and data mode . In the command mode, info rmation from the
controller is clocked into an instruction registe r and placed on the system backplane as an
instruction to all the cards in the system, includ ing the binary I/O card . The binary 1/ 0 card's
control logic then interprets the instruction fro m the backp lane and perfo rms the required
operatio n (if any) . O nce the instruction is clocked into the instruct ion buffer the controller is
free to set up the next ins tructio n even tho ugh the tra nsd ucer system may no t have completed
execut io n of the preceding one. This allows o peration with a fa st contro lle r in an interrupt
env ironm ent .

,
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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 b its are used as error status buffers.
This registe r has two separate tr i-state I/ O ports , one for backplane input/output, and one
fo r contro ller input/output.
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Whe n an instruct ion is rece ived from the back plane to transfer data to or from the controller,
the contro l logic switches to the data mode . In the case of data input from the contro ll e r, the
data reg ister 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 bee n set (jumper selectab le) fo r
16-bit words, the fi rst 16 bits of data are loaded in to the upper bits of the register with the four
most-signifi cant bits being the decimal point locat io n code. The next 16-bit word is loaded into
the rema ining half of the data register and the control logic immediately switch es back to the
command mode (erro r status bits cannot be loaded from the co ntroller). If the card has been
set fo r 8-bit words, the first word is placed in the upper portion of the data register and again
the four most-sig nificant bits are the deci mal point locat ion. Then th ree 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 swi tches immed iately back to the command mode after the
fou rth word.
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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-significan t word fi rs t.
If an error has been detected, the upper fou r bits (decimal point bits) of the transmitted data
contain all ones to indicate that an error is being transmitted and the four sta tus bits replace
the data in the ne xt four bits. This allows the same sequence to be used fo r erro r transmission
as for regular data transmission .
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A jumpe r-selec tab le data-made-only configuration causes the binary inte rface to ign ore
commands from the contro lle r. It will still transfer data, however, so it can be used as an I/O
device for some per ipheral other th an the sys te m controller. For additional info rmation and
schematics, refe r to the 10746A Bi nary Interface Operating and Service Manual.

3.16 10760A Counter

.. 1
I
i
!

The 10760A Counter is a general-p urpose counter consisting of line drivers and receivers, a
reso lut io n extender, a pulse converter, and a reversib le counter (see Figure 3- 13).
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The line receivers accept two differen tial RF signals, one from the laser source (reference
signal), and one from the remote receiver (measurement signal), and convert them to TIL
signals. The input signals are then ampli f ied by the li ne d rivers for use by other cards in the
system . For example, the reference signal must be sent to each counter card and must be
daisy-chained because the line impedance matching req uirement and available line driv in g
power do not allow parallel connection. The measurement signal is also reprodu ced ,-and may
be used for other signal processing, such as differential measurement using one measure­
ment signal at the refere nce input.

The resolution extension circuit allows a user to select normal resolution of 0.16 micrometre
(6 microi nch) or exte nded resolution of 0.016 micrometre (0.6 microinch ) und er program co n­
trol. The o nly drawback of the resolut ion extender is the 1.2-inch.per-second slew rate lim ita­
tion imposed when resolut ion extension is in use. This is more than compensated for by the
real time extenstion in resolution and resu lting increase in posi tioning accuracy.

After th e measurement signal has been resolution extended (o r not, depend ing upon program
con trol), the measu rement and reference signals are converted to displacement informat ion
in the fo rm of up/ down pu lses, which are fed to a counter . This is done by the pu lse converter
circuit.

The next functional block on the cou nter card is a 28-bit b inary counter that co unts the upl
down pulses from the converter to give total d isplacement information. The delay between a
posi tion change on the measurement axis and a change in the counter is o n the order of 0.4
microseconds depending on the length of cab le between the receiver and the counter card .

In addition to th ese signal processing blocks, the counter card also has several control and
error functions. The error ci rcu its constantly mo nitor the sta tus of the counter and the con­
ditions of the reference and measu rement Signals at the input to the pulse co nverter. If the
reference signal is interrupted for more than 6 microseconds a reference error b it is set. If the
measurement Signa l is interrupted or becomes invalid because of excessive slew rate) a mea­
surement error bi t is set. The error ci rcu its monitor the frequencies of the two signals and set
the respecti ve error bit if p rescribed limits are exceeded.

The counter status error bi t is set whenever the co unter cha in overflows or underflows. This
error is recoverable, tha t is, it can be corrected by moving the retroreflector in the direct io n
opposite to that which caused the overf low o r underflow until the condition is reversed . Thus
no cou nter information is lost. This is not the case for reference or measurement signal errors.
Sho uld one of these occur, the measurement axi s must be return ed to some gage po int to re­
define the zero point.

The control circui ts interpret system instructions and cause the counter to perform the required
opera tion . Test functions are included on the counter ca rd to allow the system contro ller to
check the o perat ion of the cou nter chain and error b its, the output buff er, and the pulse con ­
verter clock. For addit ional in formation and schem atics, refer to the 10760A Counter Oper­
at ing and Service M anual.

3.17 10762A Comparator

In a comparator system, the 10762A Comparator cards, one for each axis, replace the genera l­
purpose counter cards . A compensation interface card , a bina ry 1/0 card , and a fast pu lse
converter complete the electronics package in the 10740A Coupler. Also requ ired for each
axis are an external digital-to-analog (D / A) converter (not supplied with the system).

•,
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Figure 3-14 is a block diagram of the comparato r card . The heart of the comparato r is a 28-bit
parallel sub tracter with a built-in null decoder for the upper 24 bits. This circuit receives from
the 110 card a 28-bit d igi tal representation of the object's d esti nation alo ng one axis and stores
this information. It also receives and stores a fou r-bit to le rance code representing the degree
of precision required in positionin g 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 outp ut
to be forced to a null or zero difference regard less of the actual difference. This prevents the
servo stage from taking off in some uncontro lled man ner as soon as the destination register
of the first comparato r is loaded, and allows time for the comparato rs associated with the
other axes to be loaded before allowing the system to move. However, this does not prevent
the subtracter from working. As soon as the destina tion register is loaded, the com parator
card begins to calculate the d ifference between the contents of a 28-bit-wide up/ down counter
and the contents of the desti nation register. The difference ap pea rs at the input of the output­
d river/ nul l-decoders .

To start the system movi ng, either a synchronous sample command or an addressed sample
instruction can be given . In addit ion to taki ng the present contents of the up/ down counter
and load ing it into the comparator's output buffer, thes e commands release the forced null
that was applied to th e null decoder whe n the desti nation register was loaded. The digital
diffe rence in sign and magnitude fo rm the n appears at the o utput of the comparator and is
sent to the external D/ A co nverte r.

Under the influence of the drive voltage from the D/ A conve rte r the object begins to move
toward the desired locat ion. This movement is se nsed by the laser transducer and transla ted
by th e pulse converter into up or down pulses. Fed into the comparato r, these pu lses cause
the contents of the up/down counte r to change in a direction that brings it cl oser to the value
sto red in the destinatio n register. As th is happens the digital d iffere nce between the des ired
location and the actua l posi tion is continuously fed o ut 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 desti nation register, the output of a fou r-bit comparator comparing
the lower four bits of the difference output to the fo ur -bit tolerance in the tolerance register
is examined . When the difference output is within the tolerance a nu ll signa l is issued both to
the outside world and to the coupler backplane. Th is null is wired on the backplane with the
same output from othe r comparato rs . This system null goes true only when all axes in the
system have achieved the ir desired locat ions within thei r ind ividual to lerances. For additional
info rmat ion and schematics, refer to the 10762A Comparator Operating and Service Manual.,,
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NOTE

See 107646 manu al for differences between 10764A and 107646
cards, Power supp ly req uirements. jumpers/sw itches, and oper­
at ing temperatures are differe nt.

3.18 107648 Fast Pulse Converter

,..

The 107646 Fast Pulse Converter is used in a compa rator-based computer interface syste m in con­
junction with a co mpa rator card to increase the measure ment resolution and ve locity of the l ase r
Transducer System. Refer to Table 3-3 typi cal comparato r-based computer interface specifica­
tions for allowabl e reso lution and maximum ve locity specificati ons for speci fi c interferometers,

The fast pu lse converter (Figure 3-15) providesa mean sof converting the reference and me asure­
ment signals fro m two axes to pulses that can be co unted by the comparato r card . Th e re ference
and measure ment signals are applied to signa l reception and isolation circuits.These circui ts con­
ta in photo- isolation devices which convert the d ifferent ial input signal pairs to single-e nded
signals with ECl logic levels, Addit ional immuni ty to external no ise is obtained by applying these
signals to Schmitt trigger ci rcuits.

,

," ,; , ,

The resolu tion se lection ci rcuits allows resolution exte nsio n of the system by facto rs of 1 through
15. The pulse generation circuits com pare the inp ut signals (derived from the incoming refere nce
and measurement signals) with respect to frequ ency and outputs a pulse for each 1/2 cycle d if­
fe rence between the reference and measu rement signals, If the reference signal freq uency is
higher, pulses occur on the down-pu lse li ne; if the measureme nt signal freq uency is high er,
pulses occur on the up-pulse line.

,,

, ,

Error detect ci rcuits monitor the incoming reference and measurement signa ls for extreme fre­
quency. If the frequency deviates from its nominal value by greater than preset limits, an e rror
signal is generated. The only instructions that the fast pulse converter responds to are reset e rror
bits and o utput erro r bits. "(,", ,,

For addi tional info rmation and schematics, re fer to the 107466 Fast Pulse Converter Operati ng
and Service Manual.
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3.19 10761A Multiplier

The 10761A Multiplier card is used on ly with the English/Metric system. Its main purpose is to
perform the conversion of uncom pe nsated fringe (quarter-wave) displacement data to either
metric un its (in mill imetres) or Engl ish units (in inches) for outpu t to a controller.

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-ligh t information from a com­
pensation interface card (described later), displacement informati o n from a cou nter card, or
any other applicable backp lane da ta . The next part of the mul tip lier 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 functio n (multiplication is accompl ished by repeated shifti ng and adding).
From here th e data goes to the adder-shifter section of the card . The in pu ts to the adder are
the outputs of the AN D gates and the output of the accumulator. The resulting add ition is fed
back to the inputs of the accumu lator, which is a 29-b it register. The 29th bit is an overflow
bit used to indicate that the result of multiplication has a magn itude greater than 28 bits. The
multipli er register is a shift register that can be loaded from th e accu mulator or from a con­
stants RO M (read-only-me mory) which contains all the conversion constants for the multi­
plier. This shift register's least significant bit contro ls the input buffer AND gates.

8esides the mai n adde r there is a four-bit decimal point adder th at han dles the conversion of
the decimal point code for the appropriate measurement units. These circuits are directed by
the control logic, which inte rprets backpla ne instructions and co ntrols the execution of indi­
cated operations. The control logic has a 10 MH z 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 (VO L) output, counter output, and mul tiplier output. The VOL output in-
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struction is interpreted by the mu ltiplier card as an input operation. The VOL data is loaded
into the buffer and then multipl ied 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 nu mber for converti ng fri nge displacement data from the counter cards to
the preselected unit of measure. For ad d itional information and schematics, refer to the
10761A Multiplier O perating and Service Manual.

•,

3.20 10781A Pulse Converter

The 10781A Pulse Converter (Figure 3- 17) is a quarter-rack size e lectron ic module for 5501 A
Laser Transducer syste ms which accepts the REF (refe re nce) and MEAS (measurement sig­
nals and outp uts displacement information in pulse or A-Quad-B fo rmat. The A-Quad-B out­
put is designed to interface to some hardwired controllers and other closed-loop systems
which contain reversi ble counters.
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Figure 3- 17. 10781A Pulse Converter Block Diagram
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Resolution of 10781A Pulse Conve rter output is one-q ua rter wavelength (approximately
6.23 x 10-' inches). If des ired , pulse pairs may be generated to create an apparent reso lution
of 1/8 wavelength. A pa ir of jumper wires allows selection of either up and down pulses or
A-Quad-B format o utput; another jumper wire allows the pu lse output to be d isabled in the
event of an erro r de tection on the axis bei ng moni to red (erro r tr ip). The pulse converter is
designed to provide a simple method of converting the refere nce and measurement sig nals to
pulses that can be counte d by a use r's counting electro nics .

.: :: '

"." ...... ".". '.

The reference and measu rem ent signals are applied to signal reception and isolation circuits.
These circuits contain photo. isolation devices which conve rt the differential input signal
pairs to si ngle-ended signals with TIL logic levels. Add itiona l immu nity to external noise is
obtained by applying these signa ls to Schmitt trigger circuits.

•

3- 26
....



-;' ­
; {
- ,-,--

•

The pu lse generation circuits compare the two inpu t signa ls (derived from the incoming refer­
ence and measu rement signals) with respect to frequency. The outp uts from these circuits
are 40 ns pulses (one pulse represents 1/2 cycle di fference between the reference and mea­
surement signals) . If the reference signal frequency is higher , pulses occur on the down-pulse
li ne; if the measurement signal frequency is higher , pulses occur on the up-pulse line.

r,

ri:"_f
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Error detect circuits monitor the incoming reference and measurement signals for extreme
frequency excursions. If the frequency deviates from its nom ina l value by greater than preset
lim its, 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 addi tional informat ion and schematics, refer to the 10781 A Pulse Converter Operating
and Serv ice Manual.
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i, 3.21 10763A English/Metric Pulse Output
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The 10763A English/Metric Pu lse O utput card is the system controller for the coupler back­
plane. It issues instructions to the counter, multiplier, and compensation cards, which con­
verts the incoming reference and measurement signa ls into compensated displacement infor­
mation in the form of a 28-b it bi nary number on the backp lane. The p ulse output card uses
this data to generate up-down or A-Quad-B signals representi ng tota l change in position .
Figure 3-18 is a block diagram of the 10763A.
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The heart of the pulse output 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 cou nter. Shou ld the
d isplaceme nt number increase, the com parator enab les up co unts into the up-down counter
until its contents are equal to the displacement. These up cou nts (o r down cou nts for a nega­
tive d isplacement) each represen t 0.1 micrometre (10 microinches in the case of English un its).
These same cou nt pulses are routed through a d ivide -by-N co unter that all ows the scali ng
factor to be se lected by the user, so that each o utp ut pu lse can rep resent any even 10th micro­
metre from 0.1 to 25.6 micrometres (o r 10 to 2560 micro inches). A qu adratu re codi ng ci rcuit
all ows the user to se lect A-Quad -B o utput cod ing instead of th e weighted up and down pul ses.
The A-Quad-B output co nsists of two square waves in q uadratu re, with up/dow n information
su pplied by their re lative phase: wave A lags wave B for an upward displaceme nt and vice
versa .

An algorithmic state machine (ASM) co ntrols the inte rna l fu nct ions of the card and generates
the proper sequence of backpla ne instructions: synchronous sample; cou nter card o utput;
multi plier card output ; and return . If th ere are two, three, o r more axes, the multip lier card is
shared by the several pu lse output ca rds, and co ntrol of the backplane is transferred from one
pulse outpu t card to the next in a reg ular seq uence th at is set d uring initial configuration.

A feature of the pulse ou tput card is its ability to enter a preset number into the general­
purpose cou nter card . Th is is used to allow for environmental compe nsat ion of the deadpath
of the measurement ax is. Dead path is measu red during machine ins tallation and converted
to a code that is entered into switches o n the pulse outpu t card . During initializatio n, the con­
tents of these switches are prese t into the up-down counter portion of the pul se output card .
At the proper time in the initial ization sequence, the pu lse o utput card sends a count up in­
struction to its assigned cou nter ca rd . Whe n the pulse output card cou nts down to zero , it
stops the counter, which now conta ins the deadpath, measu red in quarter-wave fringe counts,

It is necessary to preset the pulse output card to a d isplaceme nt co unt equivalent to the fringe
co unt in the counter. This is easily done by ca using the counter to ou tput to the mul tipl ie r,
and the multiplier to convert the fr inge count to a compensated deadpath displacement and
o utput it to the pulse output ca rd . The pulse o utput card clocks this d isplacement into its 28­
bit data registe r, and begins a special up count to eq ualize the up-down cou nter and the data
register. During th is time no pulses are sent to the external controller. When the special up
count is complete the normal disp lacement data transfer begins . Should enviro nmental con ­
d itions change, the new compensat ion factor will operate on both the measured displacement
and the prese t dead path. This addi tional accuracy can be useful in some installations where
physical limitat ions make it impossib le to red uce the dead path to the desired absolute minimum.

During each da ta transfer the pu lse output card curre nt ly in cont ro l of the backplane looks at
the four e rro r li nes on the backplane . Shou ld o ne of these be true, an error latch is set and an
LED lamp is lighted on the pulse o utpu t card to show .which card has the erro r state and what
kind of error it is . A user option allows the system to ignore errors on axes nor currently being
used, or to sh ut down the axis at the first error on any axis in use, or any combination. Each
pulse output card has an ERRO R status line brought out to the front of the card; these may be
looked at individually for each axis o r wire-O Red together. A backplane reset resets the error
latch .

The pulse o utput card also allows the user to select slow or fast maximu m outpu t pu lse rate, and
normal o r extended resolu tion (x6 o r x10) fo r each axis individ ually .

Because each axis does a comple te data input to pulse outp ut cycle in approximately 11 micro­
seconds (33 p's fo r a three-axis sys tem) the o ut put pulses are a real-time measure of the dis­
placement. For add itional information and schematic, refer to the 10763A English/ Metric
Pulse Output O perating and Service Manual.
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3.22 10755A Co m p e nsa tio n Interface
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Cha nging e nviro nme ntal conditions that result in a change in the index of refractio n of air
cause a change in the velocity of ligh t and therefore in the wavelength of lase r light. Accu rate
measure me nts req uire compensation for th is effect.

The 10755A Compensation Inte rface Card (Figure 3- 19) places the req uired compensation factor
on the coupler backplane when commanded by the system controller. Most coupler-based
systems will include one co mpensation in terface ca rd .
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Figure 3-1 9. 10755A Compensation Interface Block Diagram
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The compensa tion interface gets the compe nsation factor e ither fro m the 5510A Opt 010 Auto­
matic Compensato r, a separate unit, o r from the 10756A Manua l Compensation mo dule, wh ich
plugs into the coup ler. The automatic compensator measures the temperature, pressure, an d
hum idity o f air and co mp utes the index of refracti on o f air, n, and the compe nsation fa ctor, l / n ,
which is between 1.0000000 and 0.9990000 for all ear th-type atmospheres. Because on ly the fou r­
least-significant d igits change, the compensator p resents on ly these dig its to the compensation
inte rface ca rd in bina ry-coded-deci mal fo rmat on 16 parallel lines. The co mpen satio n interface
converts th e data to a form usable by the laser transducer system and o utputs it to th e couple r
backp lane when commanded to do so .
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In typical installation (worksho ps, labo ratories, mach ine shops, etc.) th e compensation factor
can chan ge ove r a pe riod as short as a few minutes. The 5510A Opt 010 Automatic Compensator
can compute a new nu mber as often as twice each second. Where the environment is closely
controlled, such as in metrolog y labs, the co mpensatio n factor changes very little during a day,
and the data can be entered instead from a 10756A Manual Compe nsatio n module. Th is module
presents th e co mpensation factor, computed fro m a formula o r derived from tab les in a hand­
book, to th e compensation inte rface in BCD bit-parallel, d igi t-parallel format identical to that
of the 5510A O pt 010. A small cutout in the front panel of the cou pler allows access to th e thu mb­
whee l switches that set the number, and an update pu shbutton te lls the compe nsation interface
that a new number has been e nte red and sho uld now be converted into the proper fo rmat for
the backplane.
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The 10755A Compensation Interface Card recognizes two instructions, output and update.
Update comes from the coupler back plane, fro m th e ma nua l module's pushbutton , du ring
syste m reset , and after each output to the backpla ne.

When an update command occurs the interface card waits fo r the completion of the next
compensato r com putati on cycle . It then presets fou r BC D dow n-counters with the 16 b its
from the compensator. At the same time it presets fou r binary up-counters with a 16-bit word
representing the least-signif icant 16 bits of the binary re presenatio n of 9990000. The BCD
down-counters are the n clocked down toward zero, and simultan eously 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 man ua l compe nsatio n modu le proce eds in similar fashion.

In addition to compe nsat ing for the variable speed of light, the use of the compensation factor
allows the operator to correct for ther mal expansion of the pa rt being measured or worked. All
d imensions are normally referenced to th eir va lues at 20.0°C (68.00 F); at higher tem peratures
they measure longer or shorter than this, depe nding o n whether the pa rt has a posi tive or nega­
tive coefficient of thermal expansion. The 5510A O pt 01 0 Automatic Compensato r has a special
thermal probe for sensing part temperature. The coefficient of thermal expansion is entered on
the front of the un it through a set of thumbwhee l switches. The compensator does the required
computat ion automatically and modifies the compensation factor accord ingly. The same prin­
ci ple can be applied whe n using the 10756A Manual Compensation module.

A special check mode of the automatic compe nsator causes it to output the measured values
of pressure , temperature, and humidity. These numbers can be placed on the backplane by
the compe nsation interface, and can be accessed by the system contro lle r for se tup or system
checkout. For additional information and sche matics, refer to the 10755A Com pensati on
Interface Operating and Service Man ual.
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Figure 3-20. 10756A Manual Compensator ,
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3.23 10756A Manual Compensator

The 10756A Manu al Com pe nsator is a small pane l and circu it board un it (Figure 3-20) de­
signed to plug directly on the 10755A Compe nsat io n Interface. The 10756A has fo ur thu mb­
wheel o perated switches that allow the calculated co mpe nsatio n facto r number to be set. The
fo ur BCD bits fro m each switch are then inverted and applied to the 10755A Compensatio n
Interface. For ad dit io nal informatio n and sche matics, refer to the 10756A Manual Compensa­
to r O pe rat ing and Service Manual.

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

The 5510A Opt 010 Automatic Compensator itse lf is id e ntica l to the standard 5510A Automatic
Compensator. The difference in model s is th at when used in the 5501A Laser Transducer
Syste m, the following cable c ha nges are made :

a. Delete the 562A-16 Cable.

b. Add the 59995-61082 Inte rface Cable between the 551 0A and the 10755A Compe nsa­
tion Interface ;

c. Add the 10740-60005 Power Cable between the 10740A Coupler and the +15V powe r supply.

Overall , the 5510A O pt 010 Automati c Compensator makes atmospheric measure ments and the
10563A Material Te mpe rature Se nsor makes materia l temperat ure measure ments and supplies
four BCD co mpensation digits to the 10755A Compensatio n Inte rface . Fo r ope rating instruct io ns
refer to Section IV, Programming and Operation. For additional information and schematics
refer to the HP 5510A Operating and Se rvice Manual.

•
3.25 10783A Numeric Display

The 10783A Nume ric Display provides the lase r transducer system with digital display of
sing le or mu lti ple-a xis d isp lace ment data. It is drive n from the Hewle tt-Packard Interface Bus
in ei ther the "Listen Always" mode or the " Add ressa b le" mode .

Fou rteen 7-segme nt LED indicators with left-ha nd d ecimal po ints allow ample ca pacity for
displaying more than o ne axis of data . Six axis identifie rs (A, B, C, X, Y, Z) are supplied with
each disp lay mod u le and ma y be inse rted into th e specially d esigned fro nt pan el. As a n ex­
ample , o ne 10783A ca n display six digits with sign and dec imal point for the X-axis and five
d igits with sign and decimal point for the Y-axis, w ith a space be tween the two numbers. The
" X" and " Y" ide ntifie rs can be placed in the front pa nel be low the appro priate d igits.

The characte rs that ca n be displayed are the d ig its 0 to 9, a m inus sign, the letter E and the
decima l point. Front pane l ind icators inclu de an O N light ind icating when the 10783A is
"Addressed" and an ove rflow light that ind icates wh en more tha n 14 ch aracte rs have bee n
rece ived . In an overfl ow cond itio n, the 14-l east-sig nificant d ig its are di sp layed . In add ition to
these indicato rs, there is a lamp test switch fo r c hecking all segme nts and indicators not al­
ready ene rgized .

Flicker-fre e o utput is o btained by e mploying both input and output data storage . The d isplay
digits are strobed at a constant rate ind e pende nt o f inp ut data transfe r rate .
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3.26 5501A Power Supply Options

The 5501A Laser Transducer Systems req uire a +15V Power Supply and a +5VPower Supply. The
Hewlett-Packard powe r supplies that ca n be used with the syste m are 62000 series power supplies
with an LED ind icato r added as required by FED, REGI ST. , Ju ly 31 , 1975, Vol. IV-O-148, pa rt 2.

•

The 5S01A power supply options all contain overcurrent, overtem peratu re, overvoltage, re verse
voltage, and remote sensing protection .

Ta ble ] -6 lists the powe r supplies available. Fo r additional information and schematics, refer to
the applicable Ope rating and Se rvice Manual.
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4.1 INTRODUCTION

This section provides the informatio n necessary to program and operat e your system. It is
o rganized as follows:

a. A general d iscussio n of the o bjectives and methods o f p rogram ming the Laser Trans­
d ucer System. This includes a general system operating d iscussion from the viewpoint
of the system programming requ irements,

b . A table of ind ividual commands for each un it of the system that is programmable. In­
struction fo rmats fo r both ASCII characters and the decimal eq uivalent of the binary
co mmand are incl uded .
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c. Commented programs and examples of measurements and data movement using the
9825A Calculator as the system controller and the 10745A HP-IB Interface to the Laser
Transducer System.

d. 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.

e. A general discussion with examples of data handling after the data has been transferred
to the system controller.

f. 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 controller.

g. 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 OIlJECTIVES 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 controller 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:

a. 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 examples of the commands
and syntax used with the 9825A. Note that since the Laser Transducer 5ystem also
requires the 98213A I/O 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 calculator), you must have
a complete understanding of the capabilities and limitations of its control language.

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

c. 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 information is contained
in Tables 4-2 through 4-11.

After you have reviewed this information, study the commented programs and illustrations 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 controller. However, the illus­
trated examples of data flow apply to any system containing the specified units.
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4.3 GENERALSYSTEM OPERATING DESCRIPTION

Most laser transducer systems are based on the 10740A Coupler (with associated plug-in
modules) and a calculato r o r compute r which is used as the system co ntroller and data processor.
The plug-in modu les interface the various laser system components to the coupler backplane
bus, and the coupler backpla ne bus carries all signals (data and co ntro l) between the plug -in
modu les.

Basically, a cou nter-based laser transducer system operates as foll ows. Displacement info r­
mation, wh ich is updated continu ously in an operati ng system, is tran sferred, upon command,
from the counters o n the 10760A Counter plug-in modu le to the coupler backplane bus. This
data is then transferred from the bus to the system controll er fo r later processing. Next , velocity­
of-light compensation data is transfe rred to the cont roller. The controller then manipu lates
the data (us ing its processing capabil ities) so th at the raw data represents mean ingful dis­
placement data. The controller then outputs the d ata to a printer o r d isplay unit o r compares
the data to predeter mined limits or setpoints for automatic machine positioning applications .

One of the two plug-i n modules (either the binary inte rface or the HP-IB interface, depe nding
upon specific application) is used to interfa ce the coupler backplane to the controller/ processor.
The cont ro ller commands the syste m, via the se lected interface ca rd, to perform each function
necessary to make a measu rement. The cont ro ll e r does this by issuing instructions that contai n
four bits of module address info rmation and fo ur bits of module command information. Each
modu le in the coupler recognizes its uniq ue add ress and responds to commands associated
with that add ress. Additionally, some modu les automatically respond to commands sent to
other modules. For example, when a counter card is instructed to output measurement data
to the coupler backplane bus, the HP-IB interface card automatically inp uts that data and holds
it until instructed to output the data to the contro ller (o r other device connected to the HP-IB).
This feature allows faster processing of data with fewer instructions.

The following programming info rmat io n describes the coupler backplane instructio n set that
is avail able to con trol operation of a laser measurement system. Addit ionally, sample programs
are supplied to demonstrate the sequence of operations requ ired to control the system. This
information and a thorough understanding of the system <controller cha racteristics will allow
you to generate programs for you r specifi c measurement appl ication.

4.4 Sample Outline lor a Three-Axis Counter-Based System

The fo llowing steps outline the ge neral programmi ng requirements for a simple three-axis
counter-based system :

OPERATION RESULT
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a. Backplane Reset

b. O utput Compensation

c. Format Data

d. Read into Calculator

e. Backpl ane Sample

•
f. O utput x-Axts Data

( ,:

g. Format Data

Ini tializes all ca rds . Presets counters to 160.

Puts compensation data on backplane which
is accepted by 10745A HP-IB Interface.

10745A HP-I B Interface converts binary data
to BCD and stores in RAM.

Compensation data sto red in Calculator.

Samples all counters simultaneously . Pu ts
counter contents in output buffer.

Puts X-axis data o n backplane which is ac­
cepted by 10745A HP-IB Interface.

1074SA HP-IB Interface co nverts binary data
to BCD and stores in RAM.
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8. Each card releases (allows to go high) O PC as soon as it is able.

NOTE

In step 6 this card may drive DA V low at the same time or before it
lets OPC go high. However the card in step 7 may not let OPC go high
unti l it has accepted the backplan e informat ion . OPC remains low
unti l all ca rds have released it.

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

10. DAY goes high if an output was involved . DAY remains high if no output was involved.
OPC is driven low by all ca rds.

11. Sequence starts ove r at step 1.

4.8 HP-IB BASED SYSTEM PROGRAMMING

HP-IB based transducer systems are supplied with the 9825A Calculator (for information o n other
HP calculators, see Appendix A). The calculator systems include an HP-IB inter face mod ule and
appropriate ROM modules. The ca lculator documentation includes information for these devices.

rabies 4-2 through 4-11 show the instructions that can be issued to the laser system to control
system operat ion. These instruct ions are issued from the calculator via the HP-IB interface
module to the 10740A Coupler backplane bus. Instruct ions co nsist of a numeric com ma nd and
an alphabet ica l address (e .g., 2X causes the 10760A Cou nter card that has its address jumper
in the X posit ion to output its last sample to the cou pler backplane bus) . The instructio ns must
be sequenced in the order that wil l cause the desired operations.

NOTE

In all programming inst ructions, 0 is zero and 0 is the letter O .

I nstructions can be combined in one ca lculator program step. An example of this is the in­
struction seq uence 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 da ta and causes the HP-IB interface card to inp ut 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 furthe r program statements.

Because the d isplacement data contained in the 10760A Counter cards (and, co nsequently ,
the data sent to the calculato r) is in uni ts of % wavele ngths of the laser light, th e calculator
must co nvert this to a useab le un it of measure - e ither inches or rni l l imetres. Add iti onally, the
counters are preset to 160 cou nts so the effects of vibration do not cause th e cou nters to under­
flow. The calculator, therefore, must also subtract 160 counts from the displacement data prior
to converting the data to inches or mill imetres. One last data-manipulation requ ireme nt must
be satisfied by the calculator program: th e displacement data must be multiplied by the velocity­
of-light compe nsation factor. The followin g formula demonstra tes the procedu re for conversion
of input counts from the 10760A Counter to compensated inches or millimetres. For accurate
measurements, the formula must be included in all calculator programs. Subsequent samples
show how th is is done.

..

(

l

,
•,

,

;:.'

•

,,~-

<:,

r-

-'-



.\

.... ,'i

\'.':.., ..

.',', .
••,
r .
I

" . I

....,...,
l(

.1

'r,

'l
: •• J

,. "j.,
i
J

i ' '" i

)
1

,-- :

~. ",
)

;,....i

l'
•

'''", "

·",
I:
!

<;.:.J

, . '"

\
~-' :!

~ .. 1

, i,
">;' ,f

: ""/
; J
L...I

, 1,
I· ,....~,....

·

".1

,";
l
•.. ,...1

. . .
'''r,
I

'-,_J

.'. ,

1.
'--,,"

FORM ULA : X = (D - 160) (K) (C )

Where: X is compe nsated inches or mill imeters of d isp lacement data,
D is uncompensated counts from the 10760A Counter card,
K is the inch or millimeter co nversio n factor (6.23023 x 10'" for inches and

1.58248 x 10-' for mill imetres),
C is the velocity-of-light compensation factor from the manual o r automatic

compensator.

NOTE

If the system is operated in the " Xl 0" extended reso lution mode , the
formula must be changed to subtract 16 counts instead of the 160
counts specified above.

4.9 COMPUTER-BASED SYSTEM PROGRAMMING

Several differe nt configurations of lase r transducer systems can be contro lled by a digital com­
puter. The following d iscussion refers specifically to a system using the 10740A Coupler and
the 10746A Bi nary Interface.

The binary interface module allows a dig ital computer to contro l the laser transducer system
if the computer has its own inp ut/output circuits or has other means for accompl ishing the
foll owing:

a. It must send a " command" signal to the binary interface module to start each functional
operation.

b. It must accept a "flag" signal from t he binary interface modu le. The "flag" signal
signifies completion of a funct ion by the bi nary interface module.

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

The data lines between the binary interface mod ule and the computer ca n be separated into
input and output lines, o r can use common inp ut/ output lines. In either case, on ly one oper­
ation can take place at a time. Data words can consist of either 8 or 16 bits; 12-bit computers
must use B-bit words and pack them , if desi red , by software means.

The general sequence for a computer-contro ll ed operation is as follows:

a. The comp uter ou tputs an instruction to a register on the comp uter output interface
circuit assembly.

b. The computer sends a "command" Signal to the 10746A Binary Interface. The "com­
mand" signal ca uses 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
qu ired to input data from its interface register if the original instructio n 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 no t be removed until all flag-dependent
transfers have been completed .
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In the "command" mode, the 10746A treats all computer outputs as commands. If 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 selected) as data. The most-significant word
must be transferred first.

Two instructions cause "datal! 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.

If the 10746A is in "command" mode, all instructions sent by the computer are passed on to
the 10740A Coupler backplane. The instructions are also 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 ilP 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
ilP 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 4-11
show the decimal negative-true logic value in black and the positive-true logic in red.

Table 4-2. 10745A HP-IB Interface Instructions

BACKPLANE CARD ADDRESS IS 0

ADDRESSED INSTRUCTIONS

HP-lB Response
Decimal

Instruction Instruction

00 Generate system reset, clear error-bit buffers and initialize 15
all state machines 240

'00 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-DAY

30 Convert data stored in data buffer from binary to BCD and store 12
in RAM. Output according to HP-IB rules 243

10 Do nothing. This instruction causes HP-IB to drive instruction 0
lines passive - high 255

NONADDRESSED INSTRUCTIONS

System Reset Same as 00 instruction

Sample Do nothing

*20 means CMD 2 and any card address except 0
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Table -1-3. 10746A Binary I/O Interface Instructions

BACKPLANE CARD ADDRESS IS P

ADDRESSED INSTRUCTIONS

HP-IB Response Decimal
Instruction Instruction

**0P Ge nerate backpla ne reset and clear error bit buffer 2S5
~

"'0P Clear error bit buffe r

1P Generate simu ltan eous sample comma nd 254
1

2P Output data to backplane data bus from 1/ 0 buffer 253
2

' 2P Load data from backplane data bus into 1/0 buffer

3P Sends data and/or error bits to computer from 1/ 0 buffer 252
3

' 3P Load addressed card with data via backplane data lines

4P Load Data into 10746A 110 buffe r 251
4

All Other Do Nothing
Instructions

NONADDRESSED INSTRUCTIONS

System Reset Same as OP instructio n

Sample Do Noth ing

*OP means CMD 0 and any card address e xcept P.
uFor 16-b it mode , three seque ntial OP commands are required; fo r B-bit mode, five sequential OP

commands are required.

Table 4-4. 10755A Compensation Interface

BACKPLANE CARD ADDRESS IS V

ADDRESSED INSTRUCTIONS

HP-IB Response Decimal
Instruction Instruction

OV Initialize state machine and take new read ing 159
%

'2V O utput VOL compe nsation information to BP data bus and 157
start new measu rement 98

All Other Handshake immediately and do noth ing
Instructions

NONADDRESSED INSTRUCTIONS

System Reset Same as 0V

Sample Do Noth ing

'~":i' "This is the compensation nu mber fo r the last time a 2V o r ev was given. Therefo re , if a
I, 2V comma nd is given every 15 minutes, the compensation valu e is 15 minutes old.

.:,;.:.(
•

i
[. '

I

,

I
~

I
1

.-->
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Table 4-5. 10760A Counter Instructions

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

ADDRESSED INSTRUCTIONS
I

HP-IB
Response

Decimal
Instruction Instruction

'"fIX Preset counter to 160J clear error bits, and set normal resolution

1X Load contents of cou nter into output data buffer

2X Output last sample, decimal point, and error bits to BP
Data Bus

4X Count DOWN

5X Go to normal resolution mode, preset counter, dear 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

NONADDRESSED INSTRUCTIONS

System Reset Preset counter to 160, clear error bits, and set normal
resolution

Sample Load contents of counter into output data buffer

*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 Multiplier Instructions

BACKPLANE CARD ADDRESS IS M

ADDRESSED INSTRUCTIONS

HP-IB
Response

Decimal
Instruction Instruction

0M Reset multiplier and set up i\./4 multiplication mode. 47
2~8

2V AcceptYOl number and do conversion constant correction 157
98

2ASe XYZp Accept Displacement number and perform conversion Refer to
Table 4-11

2"'1 Output conversion results to backplane 45
21~

3M Accept user generated conversion constant from binary i/O card 44
211

3V Accept user generated VOL compensation numbers from 156
binary I/O card 99

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 13M

Sample Do Nothing
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Table 4- 7, 10762A Com parator Instructions

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

ADDRESSED INSTRUCTIONS

HP·IB Response Decimal
Instruction Instruction

"ax Preset cou nt register to 160 counts, force d igital di ffe re nce
output to null, clear OVFL·BUFFER, terminate self-check
(if in progress)

1X Load co nte nts of co unter into o utpu t buffer as soon as there is a
window wide e nough to insu re that a co unt is nor propagating
th rough the cou nt chain

2X Output contents of output buffe r to backplane d ata bus, o u tput A Refer to
mode (A./ 4 o r '\/8), o utput decimal po int code, o utput contents Table 4-11 as
of O VFL-ERROR bu ffer. Data valid signa l goes true o nly if instruction
sample circuit is no t in the p rocess of taking a samp le is add ress -

dependent

3X load destinatio n register with 28-b it number and to lerance
reg ister with 4-bit num ber on 10740A backplane w hen binary
DAV goes true , X is implied Listener - 10746A impl ied Taiker

4X Disable UP/A and DWN/B inputs and co unt down at 10 MHz,
(Term inates with a reset, o r an underflow in cou nt register)

SX NO P

6X NO P

7X D isab le UP/ A and DWN/B inputs and count up at 10 MHz,
(Terminates with reset o r an overf low in count regis ter)

NONADDRESSED INSTRUCTIONS

Syste m Reset Same as 0X instructio n

Sample Same as 1X instruction

*"X" used as an example of the address in th is tab le . To ma ke instructio n app ly to ano the r
comparator simp ly replace "s" with that card's address.

Table 4-8. 107648 Fast Pulse Converter Instructions

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

ADDRESSED INSTRUCTIONS

HP-IB Response Decimal
Instruction Instruction

"ax Reset e rro r b its and samples reso lut io n switches Refer to
Table 4-11 as

2X Output co ntents of buffe r register er ror b its to backplane data bus instructio n is
address-

dependent

NONADDRESSED INSTRUCTIONS

System Reset Same as 0X instruction

..." , X" used as an example o f the address in this table. To make instructio ns apply to another fast
pulse converter simply replace " X" with that card's ad dress .
At least two reset pu lses are req uired after po wer on o r resol utio n change.
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SAFETY PRECAUTIONS

This is a Safety Class I system. This system has been designed and tested according to lEe
Publication 348, "Safety Requ irements for Electronic Measuring Apparatus".

CAUTION
LASER RADIATION

DO NOT STARE INTO BEAM

MAXIMUM OUTPUT: 1 mw
PULSE SPEC: continuous wave
LASER MEDIUM: helium neon

CL ASS II LA$ EIl PRODUCT

AVOID EXPOSURE

BEAM CAN BE SHUT
OFF BY CLOSING -;- --,
BLACK APERTURE

A
LASER ERi URE

RAO/A nON IS EMITIeO FROM THIS />.P

ALIGNMENT
APERTURE FOR

REDUCED BEAM

- "CAUTION" - Laser radiation
when open and Interlock failed
or defeated. DO NOT STARE
INTO BEAM.

-': - -

This laser product conforms to Federal Bureau of Radiological Health
RegulaUonl 21 CRF 1040.10.



Ta ble 4-9. 10763A Resp onses to Instructions

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

ADDRESSED INSTRUCTIONS

HP-IB
Response Decimal

Instruction Instruction

'3X A ccepts control of coupler bus from previous 10763A controller See
Table 4-11 as

instruc tion
is address

dependent

., n a m ultiaxis system one 10763A is in control until it updates its d isplacement data and then
it passes control to the next 10763A.

Table 4-10. Possible Instructions by 10763A English/Metric Pulse Output• •

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

ADDRESSED INSTRUCTIONS

HP-IB
To Response Decimal

Instruction Instruction

5X 10760A Set no rmal resolu tion N/ A

6X 10760A Set extended reso lution N/ A

4M 10761A Select millimeter conversion factor N/A

6M 10761A Select inch conversion facto r N/A

2V 10755A Output most rece nt data N/A

7X 10760A Count up N/A

l X 10760A Load count in output buffer N/A

2X 10760A O utput count to coupler bus N/A

2M 10761A Output product to coupler bus N/A

' 3Y *Next Accepts contro l of co upler bus N/A
10763A

NO NADDRESSED COMMANDS

System Reset All Un its Returns all units to or iginal RESET cond i tion N/A
on Bus

-
Sample 10760A Loads count in output buffer N/ A

only
respondent

•

·1 0 a multiaxis system one 10763A is in control until it updates its d isplacement data and then
it passes control to the next 10763A.

·

·
-.- -

,
.,
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Table 4-11. Instruct ion Set Conversion from Alphanumeric to Decimal

NO TE

The n u mbe rs shown in b lack are negative-true logic interface cards. The numbers shown in
red are fo r po sitive -true cards . The l 0746A Bina ry In terface is a positive -true card . If you are
in doubt as to which numbers to use, the easiest way to dete rmine the po lar ity of your 1/ 0 card
is to program a simple com mand and note the syste m response .

Address A B C M 0 P V X Y ZCommand

0 239 223 207 47 15 255 159 127 111 95
16 32 48 2~8 24~ ~ 96 128 144 1~

1 238 222 206 - 14 254 - 126 110 94
17 33 49 241 1 129 145 161

2 237 221 205 45 13 253 157 125 109 93
18 34 5~ 21~ 242 2 98 13~ 146 162

3 - - - 44 12 252 156 124 W8 92
211 243 3 99 131 147 163

4 235 219 203 - - 251 - 123 107 91
2~ 36 52 4 132 148 164

5 234 218 202 - - - - 122 106 90
21 37 53 133 149 165

6 233 217 201 41 - - - 121 105 89
22 38 54 214 134 15~ 166

7 232 216 200 - - - - 120 104 88
23 39 55 135 151 167

4.10 TYPICAL PROGRAMS

Tw o typic al program s (Tab les 4-12 a n d 4-13) are p rov ided to illust rate h ow to pro gram the
10745A HP-IB Interface a nd the 10746A Binary Interface re sp e c tive ly , Bo th programs are
com me nted, Reference is made in these p ro g rams to d ata m ove m e nt figu res to furth er illust ra te
the data flow wi th in the Laser Tra n sd ucer Syste m , In t hese figures eac h spe cific inst ructio n
a nd the associated d ata movemen t is sho w n in re d , N ote that th e decim al instru ctions u sed
in the b inary interface p ro g ram a re p o sitive -true values . Tab le 4-14 lists t he Bina ry In te rface
Typical Prog ram Va riables, The sequence of drawings in Figure 4-2 assum es that you will go
to a su b ro u tine th e first t im e it is re fere nce d to determine its fu nct io n,

Table 4-12, 10745A HP·/B Interface Typical Pro gram using HP 9825A Calculato r

PROGRAM COMMENT

0: clr 7; rem 7 Send Device Clear to all devices on the HP-IB. Send Remo te
Enable to all d evices o n the HP-IB,

1: wrt 709, f'OO6X" Send to 10745A. 7 = Select Code of 9B034A.HP·IB Interface.
09 = Address of 10745A, eo = System Initia lizat ion via Hp·IB,
6X = Set X-axis to extend ed resolutio n .
See Figures 4-1A and B.

2: wrt 709, "2V30 " Se nd to 1074SA, 2V = transfer VO L n umber, 30 = Setup to output
VO L to HP-IB. See Fig ures 4-1C and D,

3: red 71l9,C VO L transferred via Hp·I B to variab le C.

4: 0-1: Set loop counter fo r compensation u pd ate to 0.

5: " lo o p" : E+l - E; Increme nt loo p cou nter . If 10 times thro ugh lo o p go read in new
if E=10; gto -3 compensation value .

6: wr t 709, "10 2X30 " Send to 10745A, 10 = samp le X, Y axis via HP-I B, 2X = Tra nsfe r X
to 10745A. 30 = set up to outp ut X to HP-IB. See Figures 4- 1E,F,
and G.

4-13



PROGRAM

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

COMMENT

•

7: red 709,X

8: if rds (7)<128; gto +2

9: 0-A;gsb "status"

10: (X-16)'6.23023e-6'C~X

11: fmt 1,f12.6

12: wrt 717.1 ,X

13: wrt l09, "2Y30"

14: red 709,Y

15: if rds(7)<128;gto +2

16: 'l-r-Aj gsb "status"

17: IY-160)'6.23023e-6'C~Y

18: wrt 718.1,Y

19: gto "loop"

20: "status" :rds(709)~B

21: if B>=64;gsb "check"

22: wrt 7£19, "ep"

23: ret

24: "check" :8-112-B

25: if B>=8;gsb "ovf"

26: if B>=4:prt "VOL OUT
OF RANGE";B-4-B; 0-D

27: if B>=2; prt "MEAS
ERROR"; B-2~B;0-D

28: if B=l;prt"REF ERROR"
;0'-D

29: if D=l;ret

X transferred via HP-IB to variable X

If no device on HP-IB is requesting service, skip the next line.

A=0 for x-Axts. Go find out if 10745A is requesting service.

-16 is the subtract preset for extended resolution.
X6.23023e-6 is the conversion of 11./4 to microinches
C compensates for VOL + Material Temperature.

Format No.1. Fixed point 12 characters wide, 6 digits to the right
of the decimal.

Send X to X-Display. Format 1 is used. 7 = select code of 98034A
17 = address of 10783A X-Display. See Figure 4-1H.

Send to 10745 via HP-IB. 2Y = transfer to 10745A via HP-IB.
30 = set up to output Y to HP-IB. See Figure 4-11 and j.

Y transferred via HP-IB to variable Y.

If no device on HP-IB is requesting service skip the next line.

A=1 for Y-Axis to find out if 10745A is requesting service.

-160 is the subtract preset for normal resolution.

Send Y to Y-display. Format 1 is used. 7 = select code of 98034A
18 = address of 107B3A Y-Display. See Figure 4-1K.

Go to top of display "loop"

Get status byte from 10745A.

If bit 6 set then 10745A has requested status. Go check what kind
of error.

Send to 10745A. 0P = clear error bits on 10745A via HP-IB.
See Figure 4-1L.

subroutine "status" return statement,

Clear Bits 6,S,4.

If Bit 3 is set, go to subroutine "ovf"

If Bit 2 is set, VOL error irrecoverable,

If Bit 1 is set, MEAS error 0--0 is irrecoverable error.

I f Bit 0 is set, reference error 0--0 is irrecoverable error.

If D=1 then the only error is an overflow which is recoverable.

30: if A=0;prt"X-AXIS ERROR"

31: if A=l;prt"Y-AXIS ERROR"

32: dsp "GO TO GAGE";stp Display "GO TO GAGE" and stop.

33: gto 0 When CONTINUE is pressed the program restarts at the beginning
of the program.

34: "ovf":B-S--B;1 ......0 11-D. Perhaps recoverable error, Clear Bit 3,

4-14

35: if A=0;X-2128/10-X

36: if A=1;Y-2128~Y

37: ret
38: end '19613

X-Axis complement all bits of X and Add 1.

Y-Axis complement all bits of Y and Add 1.
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Hp·IB Address = 18
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HP·IB

00

I
I
I

_J

,..-----

Hp·IB
Address > 09
(Select Code) L! _

10760A Counter

10745A HP·IB Interface

ll'!l

,

i :',

Meas Y

Ret A

I .. Ref (From Laser Head)

I. Meas X

10760A Counter
,
/
~,'

','

,

"

..._-,

.: '

10755A Compensator Interface
~

10756A Manual Compensator

X

Y

Z

T

\
~

• 1: wrt 700. "OO6X"
-.- -.--
I i (Init ial ize System )

·-- - (10745A Listen)

I (Calc. Talk) A

figure 4-1 . Counter-Based System D<}(J Flow

.
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Y Axis

X Axis
10783/\
Display

10783A
Display

, .-. .

Meas X

Ref (From Laser Head)

' 9825/\
, Calculator

HP,18 Address = 17

HP-IB Address = 7

HP·IB Address = 18

Hp·IB

6X,---
I '
I

_J

Ref A

Hp·IB
Address = 00
[Select Code)

10760A Counter

Meas Y

/-

10755A Compensator Interface

10756A Manual Compensator

x
y

z.
T

1: wrt 709. hOO6X"

L (s et X to Extended Resolut ion)

"Note that the v-axts moved 3 counts between exchange of 00 and 6X.
B

Figure 4-1. Counrer-Based System Data Flow (Continued)
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Hp·IB Address = '7

HP·IB Address = 18

Y Axis

X Axis
T0783A.
Qi$jllay ,

T0783A
Display

9825A
Calculator

2Vr---
I I

I I Hp· IB Address = 7

I
.. -.J IHP·IB

Hp·IB
Add~5S = 00
(Select Code) 1 .,

10760A Counter

,0745A Hp·IB Interface

! .

•
<,
,

,,
,

,
!

- .j

...,

,,,

,,,
I .,

--::-:-t _

, .
"
\
,,

Meas X

Ref (From Laser Head}

Ref A

Meas Y

10755A Compensator Interface
r-­
I

__ _I

y,

I
J;.

I
\
•

~.. ....
.999X, Y, Z, T,
I .999XYZT

10756A Manual Compensator

X,

Y,
Z,
T,

- i.,,
I'"

---, } .
,

!
L,

J

,
,

-- "",

2: wrt 709, "2V 30"
~

L TranSfer last compensation value and take new measurement.

Figure 4- 1. Cc utn nr-Besed System Data Flow (Continued)
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HP-IB Address = 17

HP-18 Address = 7

HP-IB Address = 18

Y Axis

X Axis
t078JA
Display'

10783A
Display -.

'-'-- ~ - - -

.. ,.. 9ai5A-': .."
Caleufarar '

'''''. 'v

HP,IB

,999XYZT (T2)
1 30 (Tl) ....
i--

'I r--,-
I I

d.J
Hp· IB
Add re" = IJ9
(Select CodeI IL-__-l

10760A Counter

10745A Hp·IB Interface

10760A Counter

Meas X

Ref (From l aser Head )

Ref A

Meas Y

'~

.-
-'..
"

10755A Compensator Interface
--", ' .-
-.:
- .---., .
-~-- -

10756A Manual Compensator

Xl

Y1
Z l

T l

..

-

-

-

- ~--

"

D

--Convert from binary to BCD and prepare to output. (Tl)

2: wrt 709, "2V30"
L

3: red 709, C

L output buffer contents to calculator and store in variable C (T2)

"11 - convert to BC D
"T2 - ready to output

..

Figure 4- 1. Counter-Based System Data Flow (Contin ued)
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,
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J

HP·IS

Hp· IS Address = 7

HP·IS Address = 18

Y Axis

X Axis

.:' ~~5A '.
Calculator_

. 10J 83A
__.Disptay
;>8 ' ';: -- --

t0783A
.. _Display __.

HP·IS Address = 17

10
1---
I I

I
I

__ -.J

Hp·IS
Add ress = 00
(Select c ode)

10760A Counter

10745A Hp·IS Interface

,,
)

"I
I,

, ---- '

,
,,,
J

,
•,,

-c.»

.
J,
[ - '

-". ". -i •

,,
.~j

T
I
•

10760A Counter

• Meas X

.. Ref (From l aser Head)

,.

Ref A

Meas Y

--',,
!

-c· .'

}.,
I
·

'j

t.,

10756A Manual Compensator

X,
Yl

Z l

T 1

Prior to 10 instruction both X and Y moved identical distance.
X axis in X10 mode gives 10 times the counts into the counter ,

I
I
J
.

i
I,

----,

•

6: wrt 700. " 10 2X30"
~

t Sample all counters simultaneously E

!,,
Figure 4- 1. Counter-Based System Data Flow (Continued)
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HP-IB Address = 18

HP-IB Address = 7

Hp·IB Address = 17

Y Axis

X Ax is

. ,
98251'.:: ­

Calcufator -'

107113A •..
- Dispra't: ~; , ,---i

' 1 0711:J~~ !/
,Disptliy;;:;L;>"'-'

",,--.>/ " -~ -~-

HP-IB

2X,---
I i

I
I

_ J

HP-IB
Address = 00
(Select Code) 1 _

10760A Counter

10745A HP-IB Interface

~:: ..

.

:- -

<:.
:, :'

',':

:>:-
'.'

....

.'.
-.' ..

•

10760A Counter

Meas X

Ref (From Laser Head)

Ref A

Meas Y

---.

f,

10755A Compensator Interface

',',-

10756A Manual Compensator

X,
Y,

Z,
T 1

.....

' .
.' . '

:>:-

....

'X has moved 1 Count and Y l Qcounts between execution of 10 and 2X.

" . .
:- .- .

:::::
' ..' .

6: wrt 700, " , 0 2X30"

1'_ Transfer X buffer data to HP- IB Interface

F
,

..
•

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

',' .'

Ref (From Laser Head )

Y Ax is

X Axis
T0783A
Displav

..T0183A .
.pisplay __

9825A -'
' ,Calcurator: "

3"',','

HP-IB Address = 17

HP-IB Address = 7

HP-IB Address = 18

HP-IB

Ref A

H11 60 CR LF (T 2)

r 30 - crl j-­
I r ---
I I I

I I
.J I
~...J

HP-IB
Add ress = 09
(Select Code)

.. Meas X

10760A Counter

10745A HP-IB Inte rface

,

.l

, " ',

r,

,

fr

,- . '1,
\,.. ..

-, -,:,
~ ,

.!.'

., ..,
, I .
'\ I
~.I

,., i

\
"

Meas Y

10756A Man ual Co m pensator

X,
V1

2,

T1

10755A Compensator Interface
r.t!'I'".;:-,

I .
"f·••

~.,":: '

.-

-:.
.'::::::.

.....
',' ,',

'I '.
; r:

\ .
- I-:

:~'l,

-;.;\ :
r-,
f'.
J

, " '"

r
II:

" ,
<;::::'

~::"I

L,
:.. . , ~ ,

.}.

_ i'- ,. ,
j. .-.~

,

6: wrl 700, "' t 0 2X30"

T (Convert to BCD and prepare to o utput)
.;.

]" " 1
, ;,

1
.J

•

7: red 700, X-t (output to calculator and store in variable X)

' Continues to change but does not change buffer information,
G

'"I'

r
:_J

Figure 4-1. Counrer-Based System O.UJ Flow (Continued)
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S~RVIC~

Although this system has been designed in accordance with international safety standards,
this manual contains information, cautio ns, 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.

WARNI NG

HIGH VOLTAGES ARE GENERATED WITHIN THE LASER HOUSING.
TH~ COVER OF THE MODEL 5500C LASER IS PROVIDED WITH AN
VIDEO WITH AN INTERLOCK TO PREVENT ACCIDENTAL ACCESS
TO VOLTAGES. 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.

,....,

,
j

, .
•
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"•
•,,
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••. . ,
•

,

•
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Hp·IB Address = 17

HP·IB Address = 7

DISPLAYS _006200

Y Axis

X Axis
10183A
'Display -

- l 0783A
Display

C',,, .... -, ..

. 9825.1¥>-".
'" ca.lculator>t ·

- -
Hp·IB

.006200 CRLF'
1---
I .
I
L

HP-IB
Address :I 09
(Select Code) IL _

10745A HP-IB Interface

-

10760A Counter

Hp·IB Address = 18

Ref A

Meas Y

10755A Compensator Interface

10756A Manual Compensator

X,

Y,
2,
T,

11 : fmt 1,11 2.6

T (format fixed point display 12 places, 6 digits to the right of the decimal.

--

,
12: wrt 717.1, X

1t Output X to HP-IB

Imt 1 (11 2.6)

I X Display Listens

I Calculator Talks

' Has been converted to inches.

Figure 4-1 . Counter-Based System Data Flow (Comlnued)

H
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... "

'",'

'{
"

1075SA Compensator Interface

Y Axis

X Axis

J0183A
Disp(ay- ~ .

9825A .,
Calculator _:

" ,,'~ " ..-

Meas Y

_rQ-fS3A
Displav

.006200

HP-IB Address ' 7

Hp·IB Address = 17

HP- IB Address ' 18

HP-IB
f

Ref A

107S6A Manual Compensator

Xl
VI

ZI

T l

.. Ref {From Laser Head}

• Meas X

HP-IB
Address ' 09
(Select Code) 1__-,

10760A Counter

10745A HP-IB Interface

,,/
{

.1

'.'

'(

.. "

i': "r,
f

..-\
;

i.\..
.. . '

.t:':j'

,,.' 'i

i
.:.)

(
:~.. J

' '' '' )"

\ .\

-_.,
; I

I
· ,· .'

r: ,

," ",
, t

:1,', 'I

': I, I

"

. r
.. , ~:_.,I.

, - '.· ,
\.,

. )

1
, '" . ,i

::"

· i· ,• •" - -'

13: wrt 700. "2y 30"
~

t Transfer v - Butter to HP- IB Interface Buffer. I

t
..J

Figure 4- 1. Counter-Based System Data Flow (Continued)
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,...,.-'

4-23



Y Axis

X Axis

.006200

l'o7S~<;
:'r?i's~t~W>'\

.:':0:':
;Y'9~2~~;FY

C3fcuJato,L':
,.,...•.,.;•.:.•./ <.,:: 0 ••••

;idj~~~>
[jispfa,y,,: ....

.. ':~'" ..•" ......•. <,,,.

HP·IB Address = 17

Hp·IB

1160 CRLF IT2)
...---~

I p2!l.._

: I I Hp·IB Address = 7

I
:.-...1-.J

Hp·IB
Address = 09
[Select Code) I !

10745A HP·IB Interface

10760A Counter Hp·IB Address = 18

10760A Counter

I"" Meas X

Ref (From Laser Head)

Ref A

Meas Y

10755A Compensator Interface

10756A Manual Compensator

X,
Y,
Z,
T,

13: wrt 700. "2Y 30"
~

L Convert to BCD and prepare to output.

14: red 700, Y

L Output to calculator and store in variable Y. .J
Figure 4-1. Counter-Based System Data Flow (Continued)
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-,,

Ref ( From Laser Head)

Ref A

Y Axis

t0783A C>
~ . "",

,006200

-,,~"-._ ' ''''~''c-- -'',:;p
" 9825A, ~~ ,

, C3lculat""·. . "• c' __

' tQ1'83A' i:;.: ... , ..... :'. ; . <'5'
/> ;<: : .Disp:raY'; ::?;;;~>
'"";:T >-:;t:',;j j.j;f/,'·,«<f/y<:

HP·IB Address = 18
,006200

X Axis
I

I HP·IB Address = 17

L_

r -HP·IB Address = 7

I
I

HP·IB

• Meas X

• MeasY

HP·IB
Address = 09
(Select Code)

,..

,

, ,

, i

\
\

,,

_..,

,

j -

{:
•
','

,

,

10756A Manual Compensator

Xl

V,
2 ,
T,

','.:- .
','

,

,
,

" J

,
L

18: wrt 718.1, Y
~

I 1 Output Y to H P- IB.

~fmti
I v-disptay listens

I Calcu lator talks

Figure 4-1. Coumer-Ba...ed System Data f low (Continued)
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••

HP-IB Address = 7

Hp·IB Address = 17

•

•

,
~

!

Y Axis

X Axis

.006200

10183A
Dispray

.
9825A

Cafculator
" ~'.- ' " "

Meas Y

Ref (From Laser Head)

Meas X

·.tm A
Display. .

HP-IB Address = 18
.006200

HP-IB

Ref A

OPr - - ­
I r'--
I
I

__ .J

Hp·IB
Address = 09
(Select Code) ~I----l

10760A Counter

~

10760A Counter

10745A HP-IB Interface

'.'

'.' 10755A Compensator Interface

<:. '
".". '

.'

' . " .

.....

'0756A Manual Compensator

X,
Y,

Z,
T, •

,
.'..'.
'.' In this example error is over flow only.

22: wrt 700, "'0P"-
L Clear HP-IB error bits without rese tting entire system.

This way no displacement information is lost. L
,," ,

"

•

Figure 4- 1. Counter-Based System Data Flow (Cominueti]
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PROGRAM

Table 4- 13. 10746A BInary Interface Typical Program

COMMENT

[

"-,
!
•
1

,i

j,,,,,

."j

j

"

",.'- .,...
i
)

"
-" 0'

r
i

',',

\\
.'.' \-.

f "
i,

.,,,i
lo"'

t.
-:::::!--" .
.'. ::,:
..

}

t,"." :

",f',
I'::

-,·i·:

Tc·•
:~)::

"." .
....

•r-
)':',

".,1
':'.':"-.' ..:.:
.-:,.;

•

i,
.--: -

.;.:.:.
.-,.
:'-'.

.. "1­,
I

"'oj

J
')

!
.~

o: wtb 2, O,O,O,98,3

1: gsb "in"

2: Br-C

3: ent " XTOLERANCE
IN MICRONS?", r1

4: en ' " Y TOLERANCE
IN M ICRONS?" ,r2

5: "newdest":0- X;e nt "X
DESTI NATION IN MM?" ,X

6: G-Y; ent " Y
DESTINATION IN MM?" ,Y

7: "comp't.wtb 2, 98,3

8: gsb "i n"

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: wtb 2,131

17: in' (r2l1.58248e-1 )
' 2128+Y- A

18: gsb "out"

19: wtb 2,147

20: " newsampl e" :wtb
2,1,130,3

21 : 0-F

22: gsb "in"

23: B-r3

24: wtb 2,148,3

009 = 0P,OP,9P. Guarantees System Reset.
98 = 2V = sample compensation read ing
3 = 3P = prepare to output
See Figures 4- 2A, B, and C.

"in" is a subroutine which inputs the number and places it in
variable B. Refer to step 32.

C = Compensation N umber.

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

r2 = Y Tol erance

Top of l oop. X is X-Axis destination in millimetres
'" is default value.

Y is Y-Axis destination in millimetres .

'" is default value .

98 = 2V = sample compensation read ing.
3 = 3P ~ prepare to output. See Figures 4-2B and C.

" in" inputs the number and places it in variab le B. Refer to step 32.

C = Compensation N um ber.

"cnv" converts X to fringes. Refer to step 38.

X = destination in fringes.

"cnv" converts Y to fr inges. Refer to step 38.

Y = Destination in fr inges.

Add X-tolerance in fr inges to X-desination bits 28-31.

Output '010746A Card. Refer '0step 39.

131 = 3X = transfer to X-destination register. See Figure 4-2H.

Add Y-tolerance in fr inges to Y-destination bits 28- 31.

Output to 10746A Card .

147 = 3Y = transfer to Y- d estinatio n reg ister. See Figure 4-2r.

1 = lP = sample X and Y to compare X,Y location with x-v
destination . 1P releases difference signals.
13" = 2X = transfer from X comparator to 10746A Binary Interface.
3 = 3P = prepare to transfer to calculator. See Figure 4-2J,K, and L.

F = °fo r X-Axis.

Subroutine to input the num ber 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 .
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Table 4-13. 10746A Binary Interface Typ ical Program (Con(d)

.<

.

'\'

:~:.~
>:' ..
",

..
. .".

-: ..
. '.'

PROGRAM

25: 'l -r-P

26: gsb " in"

27: 8 - r4

28: fmt 1,2f1e.e,f10.7

29: wrt .1,r3-160,r4-160,C

30: if abs(X- r3)<= r1 / (.158'C)
and abs (Y-r4)<=r2/
(.158 'C) gto
"newdest"

31 : gto "newsarnple"

32: uin": rdb(2)- B;
if 8<e;65536+8-8

33: if B>=6144ft;gto " er"

34: rd b (2)---G ; ifG<e;
65536+G-G

35: in t (8 / 4096)- D

36: 8-4M6'D-8

37: (65536' B+G )
"tn1(2-D)- B; re t

38: "cnv" :A/ (1.58248e -4' C)
+160-A;ret

39: "out" :wtb 2,4

40: in t (A/ 65536)- 8;
if 8>32767;B-65536-B

41 : wtb 2,8

42: A-65536'int(Al65536)-8;
if 8>32767; B-65536-B

43: wtb 2,8

44: ret

45: " e r" :int(BI256)­
24e-B; 15-B- B

46: if B>=8; prt "vel erro r" ;
B-8-8;e-D

COMMENT

F = 1 fo r Y-Axis.

Subrout ine to input the number fro m the 10746A Card .

Store the Y-Iocation in r4.

X forma t fixed " places to r ight of decimal.
Y fo rmat.
C Compensation fo rmat.
Fixed 7 places to right of decimal.

Display raw cou nts.

If X and Y are within tolerance, get anothe destinati on; if not.
resarn ple. This could also be done by checking for system null.
The error checking subrout ine (ver") picks th is up as an error, bu t
d rops out of the ro uti ne fo r system null.

Sam p le aga in .

Reads in bits 31-16. Compleme nts if negative. "
See Figure 4-2D.

If b its 31 -28 are all I 's go to error ch ecking ro ut ine . Refer to step 45.

Read in bits 15-0. Co m plem ents if negat ive. See Figure 4-2£.

D contains b its 31-28 decimal po int info rmatio n .

8 = Bits 27·16

B- 211 6 + bits 15-fJ. 2~D applies decimal point.

Subroutine to co nve rt dest inat ion to fringes and add preset (160).

"out" is a sub ro ut ine to o utpu t a 32-b it number in 2'5 compleme nt
form from two 16-b it word s in positive- true form . 4=4P=l oad data
into 10746A I/ O b uffe r. 5ee Figure 4-2F.

8 is bits 31-16

Outp ut btts 31-16 to 10746A. See Figure 4-2G.

B is bits 15-0. Convert to 2'5 complement.

Output bits 15-0 to 10746A. See Figure 4-2G from step 15.

Output is completed . Tra nsfer command ne eds [ 0 be given .

S = Bits 31 -16. Ini tially -240 clears b its 31-28 which indica tes an
e rro r. Bits 27-24 ne e d to be compleme nted b y subtract ing from 15.

If Bit 271 Vo l error clear bit 27.

,

/,
.

4-2B

' Range of 9825 16 b it words = + 32,767 to - 32,768.
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. Table 4-13, 107.J<;A Binary fnr erlace Typical Program (Cont'd )

i
t,

PROGRAM

47: if B>=4;B·4-B;1 - D

48: if 8>=2;prt U ref e rror"; "
0- D

COMME NT

If Bi t 26, D- 1 as possible recoverable error. Clear Bit 26.

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

"

49: if B=l ; prt "meas error";
Il-D

If Bit 24, 0 = 0 as irrecoverable erro r. Print "rneas erro r".

r"_

1,
.!

""[

j

r 't

\
, ,

i j
I ·:·,
i

ir
, .,1. ","

~ :::;r: :

I:'
i,

"",'"

, )', ,:::
l >r·

---.\ '
~ . _ J

....
"

50: if D=0;gto"prterr"

51: rdb(2)-B

52: wtb2 ,240,3

53: rdb(2j-B; if B<0;
65536+B- B

54: rdb(2)-G;ifG<0;
65536+G-G

55: im(B/ 4096)- D

56: B·4096'D-B

57: (65536'B+G j' tn l (2·Dj-B

58: if F= 0 and B-16O#));
B-2128-B

59: if F=1 and B-16O't1J;
B-2128-B

6": ret

61 : "pnerr" :ifF=0;
p rt "X·AXIS ERROR "

62: if F=1: prt
"y·AXIS ERRO R"

63: dsp "go to gage" ;stp
64: gto 0
65: end

go to " prterr" if irrecoverable error. Refer to step 61.

Overflow only. Read in bi ts 15-0 to complete previous 3P command .

240 = 00 = clears erro r bits on 10746A so 28 bi ts of data can be
transferred w ith 3P command. 3 = 3P = prepare to transfer.

Read in bits 3 1 ~1 6. Complements if negative.

Reads in bits 15-0. Complements if negative.

o contains bits 31-28 decimal point information .

B = Bits 27-16 .

B' 2116 + Bi ts 15·0, 2·D applies deci mal po int.

Co rrect for overflow . (Rea ll y u nderflow),

Correct for o verflow. (Rea ll y underflow).

I rrecoverable error, so stop and go to gage.

,
: '",.,

j>,.
"<... f."

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

If using a 5510A Au!Omaric Cornpensetor, a 0V(96) command must be sent to guarant ee update of data.
(This should be done at beginn ing of program.)

','

;.e. •
~ r
:; j', '

; I:., ,., .

.. ,,',

Table 4-14. Binary Interface Typ icaf Progrsm Variables

VARIABLE CO NTENTS

rI X Tolerance in M icrons

r2 Y Tolerance in Microns

X X Destination in MM or Fringes

y Y Destination in MM or Fringes

C Compensation Number for VOL and Materia l Temperature

r3 Current X l ocation in Fringes

r4 Current Y l ocation in Fringes

" 'o j

:>-:"
." ..- .

i"' :..,: "
I
I

i
F

.':1:

,"!
.."J

-:::, ~:( ,

i
!

-.,-J::
,',

! i
, i
'-''-)
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10746A Binary Interface

•
~

e a 0 (iF)'
•

(9B032A
select Code = 2)

10762A Comparator

28 Bit Di ffe rence

x . Up/Down Pulses
•

•
• Ref

•

. .
•

I- .. ..

Y • Up/Down Pulse

28 Bit Difference

,

x
y

Z

T

e wtb 2, 0, 0, 0, 98, 3

L System Reset

' HP-I B COMMANDS SHOWN IN PARENTH ESIS
A

Figure 4-2. ComparalO(~BJ sed System Data Flow
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t Table 4-13. 10746A Binary Interface Typ ical Program (Cotu'd)

-It should be noted when a reference error occurs both measure and error signals will also go true. In this
examp fe X and Ywifl both show a measure error although no measure error has occurred.

If using a 5510A Automatic Compensator, a 0V(96) command must be sent to guarantee update of data.
(This should be done at beginning 01program.)

, '

,"\
' .

' --j
i
t

... I

"'I
,

_. .. I

" ,

,-,'., .,
i' ,

:i'

'1
" ..)

,',

i,', '

;'. '

'" I

, ),
/.

<J
":" '
." '

.". "."
,c •• \,'

"
J

\ :' ),
',','

,.,:,:, '(

I
"f

..... ,..
j <:

j
i' .
I.

'.

-' :-.

PROGRAM

47: if 8>=4;8-4-8;1-0

48: if B>=2;prt "' re f e rro r"; "
0- 0

49: if B=l;prt "rneas error" ;
&-0

so: if D==0; gto"prte rr"

51: rdb(2)-8

52: wtb2,240,3

53: rdb(2)-B; if B<O;
65536+B-B

54: rdb(2)-G;ifG<0;
65536+G-G

55: inl (8/4096)-0

56: B-4096"0-B

57: (65536"B+G) ' tn l(2·01- B

58: if F=O and B-16O#ll;
B-2128-B

59: if F=l and B- 161l#ll;
B-2/ 28-B

68: ret

61 : (l prterr" :ifF=0;
prt "X·AXI5 ERROR"

62: if F=l; p rt
" Y·AXIS ERROR"

63: dsp " go to gage";stp
64: gto 0
65: end

COMMENT

If Bit 26, 0 =1 as possible recoverable error. Clea r Bit 26.

If Bit 25, D=0 as irrecoverab le 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 15-0 to complete previou s 3Pcommand .

240:;:; 00 = 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 w 16. Complements if negative.

Reads in bits 15-". Complements if negative.

D contains bits 31-28 decimal point information .

8 = Bits 27-16.

B'2116 + Bits 15-0. 2-0 applies dec imal point.

Correct for overflow . (Re ally und e rflow).

Correct fo r ove rflow. (Really underflo w).

I rrecoverabl e error, so stop and go to gage.

','

-,>
,,
I
I

.. .J
.>.....

r"!".. ,. ,,..-: .,-

" ....
..

I
.. ...l

' .-r
, i, ,.. ,
~,

.

]

Table 4-14. Binary tmertece TYP fcaf Program Variab les

VARIABLE CONTENTS

rI X Tolerance in M icro ns

r2 Y Tolerance in Microns

X X Destin ation in MM or Fri nges

Y Y Destination in M M or Fringes

C Compensation Number for VOL and Material Temperature

r3 Current X Location in Fringes

r4 Current Y Location in Fringes
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1.2 Section I, General Information

In addition to explaini ng what the System Manua l covers, Section ( also covers the following
subjects:

a. How to use the othe r manuals supplied with your system .

b. An overall system level d iscussion of what a laser system is and how it makes
measurements.

c. Types and examples of typical measu rements mad e with the Laser Transd ucer System.

d. An explanation of the ava ilable system configurat ions and what is contained in each
system. By first determining what type of system you are go ing to use it wil l be easier
to selectively read those sections of the ma nual that apply directly to your problems.

In sum mary, Section I contains the info rmation you will need to famil iarize yourself with the
Laser Transducer System , and the support docum entation and equipment.

1.3 Section II, Laser Transducer and Optics

This section provides the background information on the physical layout of the Laser Trans­
ducer head and rece iver, and the optics necessary to d irect the laser beam between them. It is
very important that you know and understand th e material contai ned in this section prior to
moun ting these units. The material is cove red as follows: .

a. 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
e lect ronics refe r to Section (II .

b . Measurement components . Detailed descriptions of the individual measurement com­
po nents of the Laser Transducer System including dimensions, mo unti ng, and instal­
lation informatio n. Also discussed are the allowable measurement configu rations fo r
the optical components includi ng interferometers, beam benders, and beam spl itters .

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

d. System installation . Discussion of how to install the measurement components in
actual measurement applications. Consideration of possible combinatio ns to split and
direct the laser beam to the measure ment location. Also d iscussed is how to route the
laser beam to the measu rement location with emphasis on minimizing possible mea­
surement errors. This will include the effect of Abbe errors and thermal instab ili ties
on the measurement process. Techniques of protecting the beam fro m disruptions
su ch as thermal effects, cutting flu id, and chips which cou ld interrupt the measure­
ment are also discussed.

e. Alignment procedure. General rules for the actual alignment of the Laser Transducer
System after it is installed o n a mach ine are d iscussed . Different techniques of align­
ing the components, depending upon the installation and accuracy requirements are
also covered. Specific examples include a 3-axis measurement application utilizing
the li near interferometer and an X-V stage application using plane mirror interfero­
meters. Each examp le ill ustrates fu ndamental tech niques wh ich can be applied to
most installations.
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10746A Binary Interface

•
~

0, i), 0 (llP)"
•

(98032A

Select Code = 2)

-

10762A Comparator

107648 Fast Pulse Convertor

28 Bit Diffe rence

x . Up/Down Pulses,

• Meas X

Ref I ;: --: - -,
0

o 0,-
• Meas Y

o

... "

"....
.....:,. ,"..
::::;.:

~:;~
.~.'

o.-::::
'.". -

.}"

,

x
y

Z

T

Y - Up/Down Pulse

28 Bit Difference

,

';'."
-.;.

o

>.....

.;."
::::".

00

.:'.'
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e wtb 2, 0, 0, 0, 98, 3
-~

t System Beset

"HP-IB COMMANDS SHOWN IN PARENTHESIS

f igure 4-2. Compararor-Based System Data Flow
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Table 4-13. 10746A Binary Interface Typ ical Program (Cont'd )

"tt should be noted when a reference error occurs both measure and error signals will also go true. In th is
example X and Ywill both show a measure error although no measure error has occurred.

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

,". "
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,

•,
,
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PROGRAM

47: if B>= 4;B-4- B;1- 0

48: if B>=2; p rt "ref error" :"
0-0

49: if B=l ;prt "rneas er ror";
0-0

50: jf D=0;gto"prte rrl'

51: rdb(2)- B

52: wtb2,240,3

53: rd b(2)-B; if B<O;
65536+B-B

54: rdb(2)-G;ifG<0;
65536+G-G

55: int(B/4096)-0

56: B-4096"0-B

57: (65536"B+ G)"tnl(2-0)- B

58: if F=O and B-16C#.D;
8-2128-B

59: if F=1 and 8-16C#.D;
B-2128-B

68: ret

61: "prter r": ifF=";
prt "X-AXiS ERROR"

62: if F=1; prt
"Y-AXIS ERROR "

63: dsp "go to gage";stp
64: gto 0
65: end

CO MMENT

If Bit 26, 0=1 as possible recoverable error. Clear Bi t 26.

If Bit 2S, 0 =0 as irrecoverable e rror. Clear bit 25.·

If Bit 24, 0 :::; 0 as irrecoverable error. Print " meas error",

go to "prterr" if irrecoverable error. Refer to ste p 61.

O verflow only. Read in bits15-0 to com plete previous 3Pcommand .

249 = 00 = clears error bits on l0746A so 28 b its of data can be
transferred with 3P command. 3 = 3P = prepare to transfer.

Read in bits 31-16. Complements if negative.

Reads in bits 15-0. Complements if negative.

D conta ins bi ts 31 w 28 decimal point inform ation.

B = Bits 27-16.

B"2116 + Bits 15-0,2-0 applies decimal po int.

Correct for overflow. (Really underflow).

Correct fo r overflow. (Really underflow).

Irrecoverable e rror, so stop and go to gage.

'I
· !·..,.'

'". ,

i
: i'". ,

""!
_•••J

i 1, ;, ,,
\,.._1

'j
,

" .."

Table 4-14. Binary Interface Typical Progrem Variables

VARIABLE CONTENTS

rI X To lerance in M icrons

r2 Y Tolerance in Micro ns

X X Destination in M M or Fringes

Y Y Destinat ion in MM or Fringes

C Compensation Number for VOL and M aterial Temperature

r3 Current X location in f r inges

r4 Curren t Y location in f r inges
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10746A Binary Interface

.... 0,0,0 (0P)' ..
(98032A
Select Code = 2)

10762A Comparator

28 Bit Difference

x . Up/Down Pulses,

107648 Fast Pulse Convertor

•

•

.. Ref

- ...--- --

-

10762A Comparator

y. Up/Down Pulse

28 Bit Difference

10755A Compensation Interface

x
y

Z

T

98, 3.0: wtb 2, 0, 0, 0,

L System Reset

'HP-IB COMMANDS SHOWN IN PARENTHESIS
A

Figure 4-2. Comparator-Based System Data Flow
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Table 4- 13. 10746A Binary Interface Typical Program (Cont'd)

..... ,
i

,

PROGRAM

47: if B>=4;B-4- B;1-0

48: if B>= 2;prt " ref error"; *
O-0

COMMENT

if Bit 26, 0 =1 as possible recoverable error. Clear Bit 26.

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

49: if B= l ;prt "rneas error" ;
B-O

If Bit 24, 0 = 0 as irrecoverable error. Print "meas error" .

,.....

•

,,,
I

' ... .'

I

\

,... i
!

j

50: if D=9;gto"prterr"

51: rdb(2)-B

52: wtb2,240,3

53: rdb(2)- B; if B<0;
65536+B- B

54: rd b(2)- G; ifG<0;
65536+G-G

55: int(B/ 4096)- 0

56: B-4096'O- B

57 : (65536' B+ G) ' tnl(2-0 )- B

58: if F=0 and B-16/)#,O;
B-2128- B

59: if F=1 and B-1 6/)#1);
B-2128-8

60: ret

go to " prterr" if irrecoverable error. Refer to step 61.

O verf low only . Read in b its 1 5~0 to complete previous 3P command.

240 = 00 = clears erro r bits on 10746A so 28 bits of data can be
transferred with 3P command. 3 = 3P = prepare to transfer.

Read in b its 31 -16. Com pl emen ts if negative.

Reads in bits 15-0. Complements if negative.

D contains bi ts 31-28 decimal point information.

B = Bits 27-16.

B'2116 + Bits 15-0. 2-0 appl ies d eci mal po int.

Co rrect for ove rflo w . (Re ally u nd erflow).

Correct for overflow. (Really underflow).

· Il should b e noted when a reference error occurs both m easu re and error signals will alsogo true. In th is
exam ple X and Y will both show a measure error afth ough no measure error has occurred.

If using a 5510A Auro matic Compensator, a OV(96) comm and must be sent to guarantee update o f data.
(This should be done at beginning of program.)

" '.J

~

,
I,
!

. '

...

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

62: if F=1; prt
"Y-AXIS ERROR"

63: dsp "go to gage";s tp

64: gto °
65: e nd

I rrecoverable error, so stop and go to gage.

,
I,
i
•

Table 4- 14. Binary Interface Typical Program Variables

. ... 1

· f
••,,
•

.-

I,

,

VARIABLE CONTENTS

rl X Tolerance in Microns

r2 Y Tolerance in M icrons

X X Destination in M M or Fringes

Y Y Destination in MM or Fringes

C Compensati on Number fo r VOL and Material Temperature

r3 Cu rrent X Locat ion in Fringes

r4 Current Y Location in Fr inges

-~-'

I
I,

. "" . J
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10746A Binary Inter face

•• U 0, 0 (fP)'
•

(98032A
Select Code = 2)

10762A Comparator

28 Bit Difference

x . Up/Down Pulses
•

107648 Fast Pulse Convertor

•

•

- .-.---

I .. ... ..._-- -

I. Ret

y . Up/Down Pulse

28 Bit Difference

x
y

Z

T

ft wtb 2, 0, 0. 0, 98. 3

I' System Reset

' HP- IB COMMANDS SHOWN IN PARENT HESIS
A

c

Figure 4-2. Comparawr~Ba5ed System Data Flow
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10746A Binary Interface

_ _ ~ (2V)'---
• •

(98032A
Select Code = 2)

10762A Comparator

!
28 Bit Difference

x . Up/Down Pulses,

107648 Fast Pulse Convertor

28 Bit Di fference

Y . Up/Do wn Pulse

10762A Comparator

I I I • 0 .. X1 0 •• Meas X

I I I UL j~

Ref

• Meas Y

','

"

•
•

i

,,
,,,, ,,i,::

10755A Comuensation Interface

,­,

;.

Xl

Y 1

2 1

T 1

;.:,

;-.
; .

a wtb 2, 0, 0, n 98, 3--t Transfer compensation data to l0746A and take new reading.

°HP_IB commands shown tn parenthesis.
B

".1
Figure 4-2. Compa ra tor~ B J .~ ed System Dal ,] flow (Co nt'd)
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1Q746A Binary Interface

(98032A
Select Code = 2)

...-_ 2. (3P)'

.. ..

10762A Comparator

28 Bit Difference

x . Up/Down Pulses,

107648 Fast Pulse Convertor

... Ref

•

• - - ..
•

•

10762A Comparator

y ~ Up/Down Pulse

28 Bit Difference

10755A Compensation Interface

X 1

Y1

Z1

T 1

~ wtb 2, 0, 0, 0, 98, 3--t Set 10746A card to data transfer out mode.

*HP-IB commands shown in parenthesis. c
Figure 4-2. Comparator-Based System Data Flow (Cont'd)
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L

, 10746A Binary Inter face

BITS 31- 16
-----~

• •
(98032A

Select Code ' 21

T
I

, ',.,,,
l'

I

10762A Comparator

28 Bit Difference

x - Up/Down Pulses
I

107648 Fast Pulse Convertor

Y - Up/Down Pulse

28 Bit Difference

Xl

Yl

Z1

T1

10762A Comparator

10755A Compensat ion Inter face

,

,

1

""r
i

,,
,

__J
', ' , '

..
'''(,

t:

i '
j-':

',' .

-- .-

.'.
, -,';-

i:
i:
::

:",J:

-, ,,_i '
' ,' .; ,

,;..
'.

, ' ....

,,,
I I • 0 • X10 •• Meas XI

F
I I

Ref- -'. _' - ' .' . ' "-
~ . f

, ',,' , , ' .

I I I . i' IOl...." " jIl· l j .. .. Me as Yt ;
..i

'. -'.

' HP- IB commands shown in parenthesis.

r
".,__. .i

32: " in"; rob (2) - 8 ; if B < 0. 65536'" B -B } Read b its 3 1-16 (1 word). the
compensation num ber into variable B. 0
If negati ve, complement the number.

'f
I

, j
Figure 4- 2, (ompMJtor -Based System Data f lo w (Conc ;d )
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10746A Binary Interface
f
•

BITS 12-£.. __---
(98032A
Select Code = 2)

10762A Comparator

.-:

....

28 Bit Difference

x - Up/Do wn Pulses
I

107648 Fast Pulse Convertor

,,-- ,'

(-.'

•

•
1 • Ref

1- • . as Y

1- ... . .

10162A Comparator

....

:>
" ::.,:

y . Up/Down Pulse

28 Bit Difference
,

10755A Compensation Inter face
.....

:>

X1

Y1

2 1

T 1

.:-
'.' ,

.' ..

.;.:
' .':

' .. ...

34: rdb (2)- G: If G < 0. 65536 + G- G} Read bits 15-0 (1 word). If negative,
complement the number.

*H P- IB commands shown in parenthesis.

figure 4- 2. Comparator-Based System Data Flow (Cont 'd)

E
. ..,'

'. ' . '.::<
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10746A Binary Interface

•

•

__ ~ (4P)'--

•
1980 32A

Select Code = 21

107 62A Comparator

----!

•

,

28 Bit Di fference

x - Up/ Down Pulses
I

•

•

I . Ref

I· " eas X

I· .. ..

107648 Fast Pu lse Convertor

, - --\
•

~ ---
• • 10762A Comparator

~

,
!--

.. .-,,
•
l::
•

Y - Up/Down Pulse

28 Bit Difference

I
I

10755A Compensat ion Inter face

X,

Yl

21
1 ,

I

~

39: "out"; wt b 2, 4

- ( Set 10746A for data input Irom calculator.

' HP- IB commands shown in parenthesis.
F

Figure 4- 2. Compara tor-Based System Data Flow (Cont 'd}
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1-4

Remember that decid ing how to physically mount the individual units o n your equipment is
only done once (provided it is done correctly). Therefore, be sure that you have examined
all the facto rs that wi ll affect your measurements. It is well worthwh ile to spend extra t im e
before mount ing the equipment to minimize equ ipment downtime later.

1.4 Section III, System Electronics

The system elect ronics are covered as follows :

a. A brief description of the overall funct ion o f the system electronics.

b . HP-I B Inter face Electronics.

c. Computer Interface Electronics

d . English/Metric Pulse Output Electronics.

e. 10781A Pulse Converter Electronics.

f. Theory of operation for each individual unit.

In th is section you need only read the areas that di rect ly pertain to your system.

1.5 Section IV, Programming

The programming section is also divided according to system configurat ion. However, some
of the most useful information you w ill find in this section are the block diagrams that show
the movement of data between un its o f the system . This movement is similar fo r all type sys­
tems and therefore each example can be studied to increase your overa ll system knowledge.
The informatio n is presented as follows:

a. A general discussion of the aims and methods of programming the l aser Transducer
System .

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

c. Commented programs and examples of measurements and data movement using the
9825A Calcu lator as the system controller and the 10745A HP-I B Interface.

d . Commented programs and examples of measurements and data movement using the
10746A Binary Interface. The 9825A Calcu lator is used as the system co ntroller bu t
th e program il lustrates how a computer cou ld be used instead of the 9825A.

e. A genera l discussion w ith examples of data handling after the data has been trans­
ferred to the system controller.

f. A general discussion of how to debug (remove errors from) your program . Speci fi c
examples of common errors are given.

NOTE

The operating procedu res (o ther than in itial turn on) for the
laser Transducer System are dependent on the programming
or design of the system controller.

g. General operating instructions for a typical system and a brief exp lanation of the con­
trols o n applicable uni ts .

,...-

.....

.'
•

,.,
,

,,
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10746A Binarv Inter face

_B.!I~~iL~)

_ BllS..1.5- 0_(~)

198032A
Select Code = 2)

10762A Comparato r

28 Bit Diffe rence

x - Up/Down Pulses,

107648 Fast Pulse Convertor

•

•

I. Ref

I- :.:... x

I .. ... ... _--

,

10762A Comparator

Y • Up/Down Pulse

28 Bit Difference

10755A Compensation Interface

X,
Y,
Z,
T,

41: wtb 2. B} outputs b its 31-16 to 10746A butter (T1)

43: wtb 2. B } , output bits 15-0 to 10746A buffer (T2)

"HP- IB commands shown in parenthesis.
G

Figure 4-2. Comperetor-Bssed System Data Flow (Com'd)
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. 10746A Binary Interface

,- --,. ,
i

..----,

·

' 31 (3Xr...---- - -

(98032A
Select Code = 2)

10762A Comparator

L

;--

28 Bit Difference

x . Up/Down Pulses,

107648 Fast Pulse Convertor1
•

• Meas X

Ref

I I Resolution ... - -, -

Error Extender • Meas Y•

i :,
L

-:"!-

,
1-

Y • Up/Down Pulse

28 Bit Difference

r

, -r
I

, --,

10755A Compensation

X,
Y,
2,
T,

l
~

..

16: wtb 2, 131
~

t T ransfer tolerance and destination to x -comparator.

'HP- IB commands shown in parenthesis.
H

t lgure 4- 2. Comperetcr-Besed System Data Flow (Cont'd)

,
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10746A Binary Interface

10762A Comparator

147 (3y r
~-----

(98032A
Select Code = 2)

28 Bit Difference

x - Up/Down Pulses,

107648 Fast Pulse Convertor

..

..

10762A Comparator

Y • Up/Down Pulse

28 Bit Difference

X1

Y1

Z1

T1

4-38

19: wtb 2, 147 }-Transfer tolerance and destination to Y-comparator.

*HP-IB commands shown in parenthesis.

Figure 4-2. Comparator-Based System Data Flow (Cont'd)
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10746A Binary Interface

__ _ 1..J1Pr--

(98032A
Select Code = 21

,
Ii,
'I
1

'j

.J
,
.l
Ii

·.1

10762A Comparator

N ULL
28 Bit Difference ( ,., 2 IF ENABLED)

x . Up/Down Pulses
I

107648 Fast Pu lse Convertor

,

t,
••,J

-1

".\'

"

~I.
, 10762A Comparator

•

..

.'

28 Bit Difference ( ,., 3 IF ENABLED)

Y • Up/Down Pulse

Counter -

,OestinatioR' ~:'

[ " 60'0 I

[H116310 I

rUi
' 63'0 I

~
..

I,

-r
i,-.'

·
"j

!,
.. ..I

,,
1
';i

',," i

·.".,,
!

" ..•·

107 55A Compensation Interface

Xl

V,
2 1
T,

-...,
'f

('-
,

".."I

.1
I

-'

20: wtb 2, 1. 130.3
~

t Sample X and Y simultaneously.

' HP- IB commands shown in parenthesis.

Figure 4-2. Compararor-Based System Data Flow (Com 'd)
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10746A Binary Interface

DECIMAL
POINT

..
____130 .EX)'--

•
(98032A
Select Code = 2)

10762A Comparator

~NULL

28 Bit Difference ("" -4 IF ENABLED)

x . Up/Down Pulses,

107648 Fast Pulse Convertor

•

•~ -- --

I, -- --

I. Ref

Y • Up/Down Pulse

28 Bit Difference ("" llF ENABLED)

-l--NULL

Xl

Y1

Zl

T1

J: Sample X and Y simultaneously.

20: wtb 2, 1,130, 3
~

1 Transfer x-oata and decimal point information to 10746A buffer
(errors also if present). K

*HP-IB commands shown in parenthesis,

Figure 4-2. Comparator-Based System Data Flow (Cont'd)
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10748A Binary Interfacer··'; .

.. ..i

...~ ... ;

! I, .. ,.

:,,····1 ", !

•

__~ (3P)"---
•

(98032A
Select Code = 2)

10762A Comparator
'" \

i,

I;""I

,..
I i
r '!
.' ...f

"r·T,
i '

, ,, 107648 Fast Pulse Convertor

NULL

28 Bit Dit ferance ( "'-1 IF ENABLED)

x - Up/Do wn Pulses,

•

•

• • •• __ w • •

• ...- --

28 Bit Difference ( '" 0 IF ENABLED)

I-+- NULL

y. Up/Down Pulse

~

,~ Buffer

Destinatiorr"

I 116Oj O I

I 1163 !

I 116Oj O I
•

~

I • Ref

. y

CJ
10762A Comparator

\{,,-

..

'.'.' \,
; I':
: t
1,•••~"

" ,. ,
, i'

,,,
•,

'" .. I
,
c'.,

~v~ "

r-·' ;,
I, I.. ,..

' .:- .

,

.:-
; ...-: ~ ,

j ~ :
; ' .
i

i."y .'

:i:>',
,,
•,"'.' '

,'

I,,
; C'
'...~: r
.....

10755A Compensation Inte rface

x
y

Z

T

{,.,~ :

I r
, I,

",,,,,
- '

20: wtb 2, 1, 130, 3

t Set u p the 10746A card to outpu t to calcu lato r.

' HP- IB commands shown in oarenthests.

Figure 4-2. Comperstor-Based System Dara Flow tConi 'd)
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10746A Binary Interface
DECIMAL
POINT

•

146 (2Y)'....------

•
(98032A
Select Code = 21

10762A Comparator

28 Bit Difference ('" -10 IF ENABLED)

~NULL

x . Up/Down Pulses
i

•

•

107648 Fast Pulse Convertor

-- ..
•

" Ref

• • • •
•

Y - Up/Down Pulse

28 Bit Difference ('" 1 IF ENABLED)

NULL

4-42

10755A Compensation Interface

Xl

Yl

21

Tl

24: wtb 2,146, 3
~

L Transfer v -oata and decimal point information to 10746A card.

'HP-IB commands shown in parenthesis.

Figure 4-2. Comparator-Based System Data Flow (Cont'd)
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.' 10746A Binary Interface

., ,

1

•

__ _ ~(3P ) '- --
•

(98032A

Select Code = 2)

10762A Comparator

I
~.­,

o!

•

~:
•

..... : 107648 Fast Pulse Convertor

28 Bit Difference ( '" - 10 IF ENAB LED)

NULL

x - Up/Down Pulses,

Y - Up/Down Pulse

28 Bit Difference ( '" 1 IF ENABLED)

~NULL

10762A Comparator

•

000·

.' .

_·0- ·

.'.

•

I I I 011 Xl0 •• Meas X•

· .

· .. . I I • ._ .. Ref
.' • ,

• Meas Y

; :.., .~ ..

,-
•,

000 .0

I ~.,

,,

, .,
I I'.; .:

, 0;..

10155A Compensation Inter face

E
X1

Y1

Z1

T1

f ;:.
,,
•<._, .

24: wtb 2. 146. 3 } . Set up l 0746A card to output to the con troller.

' HP- IB commands shown in parenthesis. N
r,
·

Figure -1 -2. Comosr.nor-Besed System Data Flow (Cont 'd}
.
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4.11 DATA HANDLING TIPS

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

a. Subtraction of preset numbers
b. Conversion to inches or metres
c. Conversion when dead path is included
d. Handshaking routine between a controller and the 10746A Binary Interface
e. Conversion of destination and displacement information when using the 10762A

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

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
calibrated 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 multipled by the
compensation factor and the proper conversion factor. The conversion factors are as follows:

a. Multiply by 6.23023X10-6 to convert to inches.
b. Multiply by 1.58248X10-4 to convert to millimetres.

The compensation number corrects for the velocity-of-light IVOl) factor and possibly material
temperature lif the 5510A Opt 010 is used to monitor this factor). The material temperature com­
pensation converts the information back to a length at 20°C 168°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 0
(gage) position (see Figure 4-3). It is assumed in the following discussion that you have read
and understand the discussions in Section II that explain deadpath and Val errors.
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" Figure 4-3. Conversion when Deadpth is Included
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As was discussed in the Deadpath e rro r com pensa tion sectio n, the gage or 0 position should
be a defined machine posi tion, At thi s 0 position, the d istance between the interferometer and
the retroreflector must be known. The distance " D" wh ich is the total distance consists of 2
parts " d" and (It" ,

,,

."... •
~

It is very importa nt that the d istance " t" be determ ined as the absolu te distance and all soft­
wa re p resets and resets be referenced fro m the gage or 0 position.

This expression is provid ed so Ad can be co mputed

,',

, "

,',,, d must be measured manually. Must be
relat ed to 20°C (68°F).

Ad and Al are vacuu m wavelengt hs

Ad shoul d be approx imated by d
k (Co)

t = D-d

t = (k) (c) (AdHt) - d
" J,

t = (k) (c) (At)

D = (k) (c) (AdH t)

I • d = (k) (Co) (Ad)

t ?
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NOTE

1. k is the co nversio n constant (see 4.13).

2. Co is com pensation nu mbe r when gage origi nally determined .

3. Remember that At+160* is the cou nt from th e 10760A Counter or from the
10762A Comparator.

4. The va riable " c' in the above expressions is the ratio of air wavelength to
vacu um wavelength, i.e. that number p rovided by 10756 o r 5510, e.g., 9997324.

· 16 if extended resolution and 10745A HP-lB Card is being used .
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1.6 Section V, Installation and Checkout

This section provides in structions for install ing and checking your system to ensure co rrect
o peration . The proced ures are step-by-step instructions for assembl ing a system and are
divided as follows:

a. Pre liminary checkout of individua l units. Fo r example, instructions are given o n how to
check the laser transd ucer head and receive r prior to mounting them on your
equ ipment.

b . Physical installation o f the lase r transdu cer head , rece iver, and optics. This proced ure
refe rences Section II , LASER TRANSDUCER AND O PTI CS, and the layout measure­
ment paths you have prepared .

c. Recommended mounting and interconnection of e lect ronics. Section V contains detailed
information to insta ll and interconnect the system. De tails of the cable connectors are
given in Appendix C. If the cables need to be fabricated, refer to Append ix E.

d . A system checkout proced ure, includ ing some si mple programs, to verify that you r
system is o perating co rrectly.

e. Any critical adjustme nts necessary to bring your system on-li ne (e.g., power supply
adjustments).

1.7 Section VI, Troubleshooting

This section tells you what to do whe n yo ur system fail s in o rder to return it to pro per oper­
ation in the sho rtest possible tim e . The troubleshooting infor mat ion is presented in the fol­
lowing manner:

a. A general d iscussio n o f how to troubleshoot and repai r the Lase r Transducer System.

b. Trou bleshooting tips fo r rapid fault isolatio n. Th is will te ll yo u how to q uickly locate
a problem after yo ur system has been operating .

c. A detailed troubleshooting proced ure that is keyed to the system checkou t p rocedure.
By structuring the tro ub lesho oting p rocedu re in this manner it is possible to make
val id assumptions of equ ipment condition at different points in the checkout procedure .
Fo r example , if the system controlle r has been checked and is funct ion ing properly,
it can be el im inated as a source o f trouble at that time. This approach allows the use
o f the troubleshooting procedure during in itial insta llation and checkout, and also if
a problem can not be located afte r the system has bee n operational. The latte r is done
by disassemblin g your sys tem and reperforming the installatio n and checkout proce­
du re. O ne caution about the use of an y troubl eshooting proced ure is that somewhere,
sometime a trouble will occu r that defi es analysis by wr itten procedures . At that time,
th e only solution is a knowledgea ble, patient pe rson tracking down the symptoms
unt il each has been corrected .

1-5



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 lit" from the gage
or 0 position of the machine.

X=t+s

x = t - to

x = the number currently displayed.
t = compensated distance from the gage.
s = a normal ized software offset.

For reset,s = t

and to = t at time of reset

if preset (P) desired, to = -P + t at time of reset,
where P is the preset number.

'j
•

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 !,circuit 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 !,circuit interface card. As the 12566B 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 L1A instruction and the computer clears the control signal to the
computer.

1----_-
1'--_-

\
CLEAR CONTROL
INSTRUCTION

~ ~

LlA INSTRUCTION

FLAG r

DATA I \ L.' _

SET CONTROL

CLEAR FLAG

INSTRUCTION

COMMAND r

INPUT NOP

STC SC, C

SFS SC

JMP ~-1

LlA SC

CLC SC

JMP INPUT, I

INPUT DATA INTO A-REG SUBROUTINE

SET CONTROL, CLEAR FLAG

CHECK FLAG

10746A

INPUT DATA TO COMPUTER

CLEAR
CONTROL

«these should be inverted to be consistent with the polarities of the 125668 (CMD, FLAG)

Figure 4-4. Receiving Data from the 10746A:;'
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OUTPT NOP

OTA SC

STC sc. C

SFS SC

JMP ~-1

CLC SC

JMP OUT PT, I

O UTPUT A-R EG

OUTPUT TO BU FFER

SET CON TRO L, CL EA R FLAG

CHECK FLAG

l Q746A

CLEAR CONT AO L

l
I
I,

, ,:,:,,~ : :,
I '
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figure 4-5. Sending Data or Instructions to the 10746A
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4.16 Conversion of Destination and Displacement Information When Using the
10762A Comparator

When uti lizing the 10762A Compa rator, one of the prime functio ns of the system contro ller is
to transmit to the 10762A Comparator th e destination address of the object under control.
Si nce this destination address refl ects a d isp lacement in inches or millimetres and the SSOlA
Laser Transducer System meas ures in un its of some fraction of the wavelength of laser light,
a co nversion has to be made prior to transmitting the destination address. This wavelength of
the laser light is dependent on the environmental cond it ions under wh ich the measurement is,
made, therefore, the conversion must take th is into account.

!,

"hi
1:

", 1

The general form for converting to wavelength u nits is:

Destination in Inches or Millimetres
. "'j'

l.
""".I

*Destination in wave­
length units

- (
Environmental ) • (converSion Factor for )

Compe nsation f actor wavelength uni ts

!
0,: ..i,

'I
_I

·As noted earlier the 160 count preset must be included in th is destination.

'\
-,-,
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The environmental compensation factor is a number slightly less than one; i.e., 0.999XYZT, where
the digits XYZT are obtained from either the 10756A Manual Compensator or the 5510A Opt 010
Automatic Compensator. The conversion factor for wavelength units depends on the measure­
ment resolution selected in the 10764B Fast Pulse Converter, 1<14 = 1.58248 X 10-4mm, }J./8 =
7.91239 X 10-Smm, 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 )(conversion Factor for)
Inches or Millimetres - Wavelength Units \Compensation Factor \ Wavelength Units

4.17 10762A Comparator/107648 Fast Pulse Converter Input/Output Format

Table 4-15 shows the input/output format of the 10762A Comparator and the 10764B 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 examples 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 display in decimal).

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

c. 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 IiIP instruc­
tions. If it uses 8-bit words send five IiIP instructions.



•

e. 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 B-bit bytes or two 16-bit bytes).

f. In the case of the 4P command the comparato r card ex pects to receive data from the
contro ll e r wi th the next handshak e. Note that this appl ies only to the 10746A Binary
Interface. The 10745A HP-I B Interface cannot send data and, the refo re, cannot be used
with the comparator card .

g. 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 B-bit bytes, four add iti onal handshakes.

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

i. 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). Othe r 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.

Remem ber that with the binary interface it is possible to have an overflow erro r and
still have valid da ta. In order to strip off the error bits and get the decimal point bits
plus the displacement bits, give any command that starts with II (e.g., llO). 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 4-12).

Keep in mind that a 2V instruction ou tputs the prev ious compensation value. There­
fore its accuracy depends on how ofte n the compensatio n number is updated.

The characters II (zero) and 0 (as in Oslo) are d ifferent and not equal.

•
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4.19 OPERATION
t
i
i
•

r

The operating procedures (othe r than initial turn on) for the Laser Transducer System are
dependent on the programming and design of the system controller. For yo ur convenience,
Figures 4-6 through 4-9 provide locations and descrip tions of the controls and indicators on
the system un its .

.' .

,

,,

~ ,.,

,
-

!.
'. ""j

O LEO Ind icator. lights when lase r beam is sufficient to activate receiver.

o Receiver Connector.

o Test Point. Provides 0.6 to 1.5 Vdc output w hen receiver is activated.

\
.'

~. ,
Figure 4-6. 10780A Receiver
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Table 4-15. 10762A Comparator/ 107648 Fast Pulse Con verte r Input/O utp ut Fo rmat

A. DATA FORMAT OF 10746A BINARY INTERFACE

1. The data out put of the 10746A Binary Interface includes 28 bits of data plus4 bits of statua/ decf ­
mal point which come from both the 10762A Co mparator and the 107648 Fast Pu lse Converter.
Format can be either two 16-bit words or four s-bn bytes. (Jumper-selectable on the 10746A
Bi nary In terface).

a. Two 16-bit Word Format
This format outputs the position data in two 16-bi t words in the following format
with the most-sign ificant bits first.

Word 1 I i
MSB 0 3 D2 0 , Do ( 27 ( 26 C 2S C 2~ ( 23 ( 22 (21 ( 20 ( ' 9 ( ' 8 ( 17 ( ' 6

Word 2

lSB ( 15 ( 14 ( 1] ( ' 2 ( , 1 ( 10 ( 9 ( 8 ( 7 ( 6 c, (4 ( 3 ( 2 ( 1 Co

Where D - Decimal Point/Status
C - Cou nter Data

If 0 ) 0 2 0 1 Do = 1111, this ind icates either a measurement error or the fact that the counter
and comparator are within the +4-bit to le rance . Bits C 27 C 26 C2S ( 24 will determine which
condition exists. When bits ( 27 ( 26 C 2S C24 = 1111 then the Counter and Comparator are
within the +4-bit to lera nce. If C 27 C 26 C 2S ( 24 ~ 1111, then these bits will be a code indicat­
ing the following measurement errors:

If ( 27 = ", a VOL error ex ists.
If ( 26 = 9, an ove rflow error ex ists.
If C2S = 0, a refe rence error exists.
If ( 24 = fl , a measu reme nt er ro r ex ists .

If 0 ] 0 2 0 , Do =j:. 1111 then these bits will indicate a d ecimal point location (Reso lution
Extension) and bits C 27 C26 C25' ( 24 will the n be data .

b. Fo ur a-bit Byte Format

In this case the data will be inputted in a format of fo ur a-bi t bytes with the first word
be ing the decimal point/stat us and the 4 most-signif icant data bits.

Word 1

MSB D] O 2 D 1 Do C l 7 C 26 ( 2S (24

Word 2

( 23 C 22 ( 21 C 20 C 19 ( 18 ( 17 (16

Word 3

( 15 C14 C13 ( 12 ( 11 ( 10 ( 9 ( 8

Word 4

lSB ( 7 ( 6 C s (4 ( 3 ( 2 ( 1 C o

The same ru les fo r the decimal point status bits apply here as fo r the two 16-bit word format.

2. Data Input to Comparator Card

When it is desired to input the Destinatio n and Tolerance data to the 10762A Com pa rato r
Card, the da ta ca n be inputted in either the two 'l fi-bit word o r four a-bit byte format.
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Table 4-15. 10762A Comparato r/10764B Fast Pulse Converter Input/Output Format (Cont'd)

The data format would be identical to that discussed for the output mode except that the 4
most-signifi cant bits woul d now be the tolerance. For example, the two 16-bit words would be
as foll ows:
Word 1

MSB T3 T1 T, To C 2i ( 27 ClS C14 (23 e n C21 ( 20 C19 ( 18 C17 C16

Word 2

LS B ( 15 C14 C13 c ., ( 11 ( 10 (9 C8 c, ( 6 ( 5 ( 4 (3 ( 2 C, Co

Where T - Tolerance Data
C - Command Data

B. INPUT/OUTPUTSEQ UENCE

1. O utput Sequence

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 Contro ller.

a. Sample Command (either both axes Simu ltaneously o r individually, lP, tx . etc.] ,

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

b. Counter O utput 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 word s 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 th e System Controller it will send a control bit
back to the 10746A Binary Interface requesting the second word wh ich will then
output the second word, etc., (3 operations for 16-bi t words, 5 operations for 8-bit
words, 1 microsecond per operation).

2. Input Sequence

When it is desired to load the Desti nat ion and Tolerance onto th e 10762A Compara tor, the
fo llowing sequence is implemented:

a. l oad Data Command (4P)

This command to the 10746A Binary Interface fro m the System Controller prepares
the Binary Interface to accept the four 8-bit bytes, o r two 16-b it word Desti nat ion
and Tolerance (1 microsecond).

b. The System Contro ller then outputs the fi rst 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. W hen the last word is loaded, the
10746A Binary Interface formats the address for transfer to the 10762A Comparator
(2 operations for t s-bit word s and 4 operat ions for s-bu bytes . 1-microsecond per
operation.)

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

Transfers destinati on address from l 0746A Binary Interface to the specific 10762A
Compara to r Card (1 microseco nd).

3. Sample Instruction (external or from System Contro ller, lP, 1X, lY, etc.]

Since the act of loading th e Dest inati on and Tolerance will fo rce a Nu ll or Zero difference
on the Digital Difference O utput, Sample Instruction is required to release the forced null
(1 microsecond).
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I.

2.

3.

4.

5.

6.

7.

B.

9.

10.

11.

12.

+l SV UNBAL
(LED Lamp)

- 15V UNBAL
(LED Lamp)

+l SV FUSE
(LED Lamp)

- l SV FUSE
(LED Lamp)

POWER ON
(LED Lamp)

LASER CURRENT
(LED Lamp)

RETUNEFAILURE
(LED Lamp)

RETUNE
(LED Lamp)

RETUNE
(Pushbutton]

REFERENCESIGNAL
(Co nnector, J1 )

POWER
(Co nnector, J2)

DIAGNOSTIC
(Connector, J3)

5

6

:;U,
B

9

Lights when +15V de power is high by approximately one-volt or more; or when the
- 15V de power input is low {l.e. , less negative) by one-volt or more.

Lights when -15Y de powe r is high (l .e., mo re negat ive) by approximate ly one-volt
or more; or when the +15V de power input is low (i.e., Jess positive ) by one-volt o r
more.

Lights when +15V de fuse blows.

lights when - 15V de fuse blows.

lights when external power has been applied to l aser Head .

l ights to ind icate l aser Tube current is not within appropriate operating limits.

lights to ind icate the lase r Tube is not properly tuned or that re tune cycle did not
re tune the laser .

lights to indicate that retuning is require d or that retu ne cycle is in progress. light
shou ld go out app roximately 9 seconds after the RETUNE push button is dep ressed. If
ligh t remains on , a tuning fa ult is indicated .

M anua lly act ivates Retune sequence.

Allows the reference signals (REf and REF) and +15V power to be interconnected to
othe r system components.

Provides connection poin t for external power supp ly input.

Allows mo nitoring of diagnostic signals and applica tion of RETUNE command by
external equipment.

\-

t"
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•

•
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Figure 4- 7. 55D1A Laser Transducer Rear Panel Controls and Indicators
,
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NOTE

The SENSO R 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,

SENSOR DISPLAY selector , When the DISPlAY-OPERATE-SCAN (3) swi tch is set to 0 15­
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 COM PoCompensat ion number in parts per million (incl udes compensation for
workpiece temperatu re).

b. (1) COM P AIR O NLY. Compensation nu mber in parts per million due to air measure­
ments only.

c. (2) % HUM IDITY. Percentage of relative humidity,

d. (3) AIR PRESSU RE. Barometric pressure in either inches or mm of mercury as deter­
mined by the in Hg - mm Hg switch.

e. (4) AIR TEM P. Air temperature in degrees Fahrenheit or Centigrade as determined by
the OF - °C switch.

NO TE

:'j
L.l

f
1 , i-.\. ,, '

,

The calculator wi ll d isplay a reference temperature of 20.0°C (68°F)
when a material senso r is not connected to the calculator. However,
the pushbutton will only light for those sensors which are con nected .
If the air probe is no t connected. the calculator will display a reference
temperature of 28,0°C (82.4°F) and a humid ity of 10%,

.,

i
~~

Figure 4-8. 5510A Opt 010 Automati c Compensator Front Panel Contro ls and Indicato rs
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f. (5) T1 , Material temperature measurement of sensor No.1 in Fahrenheit or Centigrade
as determined by the OF - O( switch.

g. (6) Tz- Same as T1 but for sensor NO.2.

h. (7) TJ' Same as T2 but for sensor NO.3.

I. (8) T AVERAGE. Average temperature of the sensors selected with the while push­
button switches (Tl' TlJ T3)'

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

2. IIOF_O(" and "in Hg-mm Hg" switch. Selects either English or Metric units for the display.
Only operative in positions (3) through (8) of the SENSOR DISPLAY switch. Setting of this
switch does not affect the compensation number.

3. DISPLAY-OPERATE-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.

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

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

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

7. T1 Indicator and Switch. When lit, indicates that temperature sensor 1 is operative} when
pushed, selects sensor 1.

8. T2 Indicator and Switch. Same as above for T2 sensor.

9. Tj Indicator and Switch. Same as 7 above for T3 sensor.

10. OUT OF RANGE 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'ii)
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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 Indicator: When illuminated, indicates instrument has primary power (+SV de) applied.
The +5V de 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
also tests the LISTENING and OVERFLOW indicators.

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

Figure 4-9. 10783A Numeric Display Front Pane/Indicators

4.20 Initial Power Application

WARNING

BEfORE PERfORMiNG THE fOLLOWiNG SUI'S, liE SURE THAT·
ALL SYSTEM ITEMS THAT ARE CONNECTED TO AN AC POWER
SOURCE ~IAVE A COMMON EARTH GROUND CONNECTION. rr
is POSSIBLE TO HAVE A DIffERENCE IN ELECTRICAL POUN­
TIAL BETWEEN THE VARiOUS SYSTEM COMPONENTS If A
COMMON GROUND is NOT ENSURED. THIS CONDnlON CAN
CAUSE INJURY TO OPERATING PERSONNEl AND/OR CAUSE
DAMAGE TO THE SYSTEM COMPONENTS. ALSO, liE CERTAIN
THAT ANY SURROUNDiNG EQUiPMENT, SUCH AS A MACHiNE
TOOL, HAS THE SAME COMMON GROUND fOR lIS POWER
SOURCE AS THE lASER SYSTEM 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 O N/
OFF switch.
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1.8 HOW TO USc All O F 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 ma nuals supplied with each type of l aser Trans­
ducer System. To use this documen tation effectively you must familiarize yourself with the
con tents of the individ ual manuals.

Every l aser Transducer System is supplie d with th is system level manual , a 5501A l aser
Transducer Head unit manua l, and a 10780A Receiver unit manual. As the family tree indio
cates, the 10700 series optics are covered in th is manual. The remain ing documentation is
split into the fo llowing groups:

1. HP-I B Interface System manuals.
2. Computer Interface System manuals.
3. English/ Metric Pulse Output System manuals.
4. 10781A Pulse Converter System ma nuals.

The important point to no te about this d ivision is that the info rmation co ntained in these
manuals provides both prerequisite, concurrent, and back-up informatio n to the system
man ual. Unless all of the manuals are used effectively, yo u may encounter d iffi culty in instal­
ling, o perating, and maintaining your system pro perly.

As an example, examine the add itional manuals supplied with the HP-IB Interface System. Fi rs t,
you will rece ive all of the 9825A Calculator and Hewlett-Packard Interface Bus (HP-IB) manuals.
Since the calculator and Hp·IB contro l the system, the information co ntai ned in these manu als
is a prereq uisite to learni ng how to program you r syste m co rrectly.

In this manual , Section IV , PROGRAMMING, provides the addit io nal info rmation necessary
to program the lase r Transducer System. However, the programming inform ation in this
ma nua l presupposes that you are familia r with the progra mming informatio n conta ined in
the calculator and HP-IB manuals. The same information is req uired for any other unit that
ad s as a system controlle r (e .g ., an HP computer, some other computer, o r a dedicated con­
tro ller).

Next, you will receive all of the ind ividual unit manuals for the eq uipme nt that make up your
syste m. The information contained in these manuals provides the back-up information you
will need if you desire to change your system confi guration, increase yo ur knowledge of the
individual units, or troubl eshoot these units beyond the level covered in this system manual.

Duri ng initial installation there are references to the un it manuals for add ressing ind ivid ual
boa rds and installing them in the coupler. During operation, referen ce to the compe nsator
man uals (either manual o r automat ic) is necessary to insure that you are properly cornpen­
sating the system fo r atmospheric cond itions .

In su mmary then, it is very impo rtant that you know where to find the specific informatio n
yo u need to efficiently use the laser Transd ucer System. The only way to accom plish this
o bjective is to understand the relatio nship between all of the manua ls that are supplied with
yo ur syste m.
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5.1 INTRODUCTION

This section provides the info rmation necessary to install and checkout your system. It is
orga nized as follows:

a. System grou nding co nsiderations. A brief discussion o n proper groundi ng tech niq ues.
. It is very importa nt that the laser Transducer System be properly grounded to avoid
shock hazards and to eliminate ground loop problems.

b. The preliminary procedures. Checks the power supplies, transducer head, receivers, and
system controller p ri o r to in stalli ng any eq uipment . These procedures must be per­
formed fo r all systems.

c. The physical installa tion and alignment of the transd ucer head, receivers, and op tics .
Refer to Section II for the background informat ion necessary to ensu re that the choice
of physica l locat ion of the components and the overall measurement path is optimum
for your application.

,,

,

'<
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d. The installation of the electronic interface components. These procedures are divided
into major system configurations. Select the procedure that matches your system.

e. The system checkout procedure. These procedures are divided into major system con- .
figurations. Select the procedure that matches your system.

f. Preventive Maintenance. The system electronics require no preventive maintenance.
However, the system optics do require periodic cleaning. The frequency of the cleaning
is dependent on the cleanliness of the ambient environment.

//~

The procedures are organized in this manner to make installation and checkout as simple as
possible. In addition, they can be used as a basis for detailed troubleshooting either during
initial installation or at a later time when a system problem cannot be easily located. Table 5-1
is a list of recommended test equipment needed to install, check out, and troubleshoot the
Laser Transducer System. Other equipment can be used if it meets the minimum specifications
listed.

Table 5-1. Recommended Test Equipment

Description Required Characteristics Recommended Model

DC Voltmeter ±15V +0.025V and +5V +O.OlV HP 3435A

Logic Probe Ability to Indicate TTL and HP 105251/10525E
ECl logic levels

Oscilloscope Ability to Display Signals HP 180A/1801A11820A

• between DC and 20 MHz

5.2 SYSTEM GROUND CONSIDERATIONS

If proper system grounding techniques are not observed, two adverse situations can occur:

a. A system can be interconnected so that an electrical shock hazard exists. External
parts of various system components can be at different electrical potentials due to in­
complete system grounding. (See Figure 5-1).

......

;V
.v
STEM COMMON

MOTOR
5501A

MACHINE STFiUCTURE

~i;
+15V

SUPPLY SAME EARTH
GROUND CONNECTION--

ISOLATED
FROM
GROUND AT
SUPPLY

<,

NOTES:

1. Laser head is grounded by being physically mounted on the work
table. Power supply is grounded for safety, but its outputs are
isolated trorn ground.

2. Motor currents cannol travel through power supply system
common because this line is isolated from earth ground at the
power supply. It is at ground potential, however, because the
5501A is grounded.

3. When this grounding system IS used, do not connect "system
common" to earth ground at the power supply. Be sure, however,
that the laser head is grounded to the machine work surface.

Figure 5-1. AC Power Grounding
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b. The system electronics can become very sensitive to external noise (such as power line
switching transients) due to undesirable currents flowing through ground wiring. These
currents cause a voltage potential other than zero volts to exist at points in the ground­
ing system. (See Figure 5-2).

R
Y
ON
N

UN ITS ELECTRICALLY CONNECTED BY
VIRTUE OF COMMON MOUNTING (SUCH
AS IN A CONDUCTIVE RACK).

/UNIT UNIT
A B

'3 •

'AL

I I
PQWE

• supp
/;MON COM~

URN
"

RE1U

"

S'G
LI N
CO
RE

Notes:
If the power supply requirements to Unit B fluctuate due to lead

switching, for example, a changing current will be present not only
in the path of 1

2,
but also in the path of 1

1
and 1

3,
If the signal

line associated with path 11 is sensitive to the resulting voltage
fluctuations, system troubles can result. The remedy is to break
the loop, probably at the path of 1

3,

Figure 5-2. Grounding to Avoid Ground Loops

In general, try to avoid unnecessary ground or common return connections while wiring the
system. Ensure, however, that all units are grounded. The best approach is to have one com­
mon earth ground connection in the system with all system components connected at the
single ground. Also, avoid connecting both ends of a signal cable shield to a ground point.
This would allow currents to flow through the shield and possibly cause interference with the
signal lines within the cable. The shields from the 10780A receiver, for example, should be
grounded at one end only, and the receivers should be mounted in such a fashion that they
form no electrical connection with the mounting surface. A typical distribution of the +15V
power and the reference and measurement signals is shown in Figure 5-3. The correct wiring
of the individual units to the terminal strip on the rear of the 10740A coupler is shown in
Figure 5-4.

For further information on the subject of system grounding, refer to "Grounding and Shielding
Techniques in Instrumentation" by Ralph Morrison. Published by John Wiley and Sons, Inc.
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REFERH,GE SIGNAL - REPLICATED
AND ROUTED TO OUTPU T DEVICE 'Z

' 15 VOLT ROUTED TO
:t1SV t0750A . 2-15 VOLT POWER CABLE

1 ~ 1 5V ROUT ED TO- "'-....
10 780A 1/ 1 (JN~RNAL)1- - -1 550I A

REFERENCE SIGNAL_

+15V -~~Y ~ -svLASER TRANSDUCER
I

RF CABLE "; I I
MEASUR EMENT SIGNAL " '11

~~/
1- __ _

" -~ 1 5v

OUTPUT DEVICE . 110760A
RF CABLE JUMPERS. 1()760A COUNTER.RECEIVER

..15V. AND I1EPLICATED 107648 fAST
REFERENCE SIGNAl. TO PULSE CONVE;;lTER. ETC

OUTPUT DEVICE 112

• ~ '5V,
/.1

MEASUREMENT SIGNAL - 2 _ ,,
~- --I ., r - +15v

1/ OUTPUT DEV:CE ..210780A
·lSV ROUTED / 10760A COUNTER.RECEIVER

TO 10i SQA RECEIVER ..2 107648 FAST PULSE CONVERTER. ETC

Figure 5-3. Typical Laser Transducer System M easurement Signal and Power Routing

5.3 REQUIRED CABLES AND PRELI MINARY PROCEDURES

NOTE
During system insta llation and checkout, power must be frequently applied
to and removed from the syste m. Therefore, it is recommended that all of
the un it line cords (e.g., power supplies, calculators, etc.) be connected to
a common source with a main ON/ OF Fswitch. This wil l make it more con­
venient to apply and remove syste m power.

The mains plug shall only be inserted in a socket out let provided with a
protective earth contact . Before plu gging in , make sure the source voltage '
matc hes th e input rating of the power supplies.

Prior to mounting any equ ipment, perform the following steps:

a. Unpack and inspect all of the eq uipment (each of the unit manuals contai n unpa cking
and inspection procedures).

b. Check to determine if you have all of the cables necessaryfor your system (see Table 5-2).
If required, fa bricate the necessary system cables (refer to Appendix E, BAC KDATING
for fabrication instructions).

c. Set up the 5501A Lase r Transducer Head , the 10780A Receiver, and the Power Supplies
in a clear area.

NOTE

Prior to using the power supplies read the ap p licable manua ls and set
them up as follows:

1. The +l SV Power Supply is set fo r local sensing, and current li miting.
(See Figure 5-4).

2. The +5V Power Supp ly is set for single o utput, remote sensing, and
current Iimidng. (Se e Figure 5-4).
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Table 5-2, Required Cable,

HP Part Supplied
Interconnects

Number With from To Length Use

05501-60009 5S01A 5S01A +15V 62215E Power Supply 4,57 m (15 tt) Power

05501-60008 5501A 5501A 10760A or 10764B o r 10781 A or 10714A 19,81 m (65 tt l Reference

10780-60003 10780A 10780A 10760A o r 10764B o r 10781A or 10714A 19,81 m 165 ft. ) Power & Measu re ment

10708-60001 10708A/B 10708A 115V1230V 2.29 m (7.5 ft.) Prima ry Power

10712-60001 1071 2A 5510A 21 00 Computer 4.57 m (15 h.) Signal & Power

10727-60001 10727A 9825A 10746A 4.57 m (1 5 ft ) Ca lculator Inte rface

10740-60004 10740A 10740A +5V 62605L Power Supply 1,52 m {S ftl Power

10740-60005 10740A 10740A +15V 6221 5E Power Supply 4,57 m (15 ft.) Power

59310-60002 10745A 10745A 9825A via 98034A Inte rface Cable 3,66 m (12 It) Interface
,

10760-60002 10760A 10760A 5501A or 10760A/ l 0780A 2 ea. @ 0,46 m (1,5 tr.) Reference & Doppler
1 ea. @ 0,3 m 11 ft.l

10763-60002 10763A 10763A Externa l Contro lle r 1 ea . @ 0.9 m (3 ft.) Cont rolle r Inte rface
2 ea. @ 4.57 m (15 tt.)

10764-60005 107648 10764B 5501 A o r 10764B/ 10780A 4 ea. @ 1.53 m (5 tt ) Refere nce & Dopp le r

10781 -60003 10781A 10781A 10780A/5501 A 3 ea. @ OA6 m (1.5 tt l Reference &,Doppler

10781-60004 10781A 10761A +SV Po wer Supply 4.57 m (1 5 ft.) Power

10783-60003 10783A 10783A ! +5V via 10740A 4.57 m (1 5 fI ,) Power

59995-61082 5510A O pt. 010 5510A 10755A 0.3 m (1 ft. ) V,O.L
4.57 m (15 ft.)

10631A,B,C 10783A 107B3A HP- IB Controlle r
0." m (3 Tt. l

Interface1,83 m (6 ft.)
3,66 m (12 ttl

10714-60003 10715A 5501A 10714A Interface Power Cable

See Appendix C. CABLING. for photos and connector plncuu .
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CAUTION

Do no t continue wi th the proce dure until the power supplies
voltages are within the limits specified in step d. Excessive
vo ltage can cause dam age to system components.

d. Connect th e + l SV a nd +SV p owe r su pp lies to a suita b le so u rce of ac power. Ve rify that
the outputs of the + lSV power su p p ly are + 1SV +0.25V dc and - 15V +0.2SV de. Ve rify
th at the o utput of the +5-volt powe r sup ply is +5 +0,1, - O. OSY de . If o ut o f specificat ion
and the HP powe r supplies are used, refer to th e applicab le manual. Re move system
power,

NOTE

Du ring cable installatio n, th e machine system geo me try may
req uire th at the e nds o f the refe re nce and measureme nt
cables fi t through spaces too small fo r the cable connecto rs .
If so, check the lase r he ad and re ce ive r by co nne cting + 15Y
from the + 15Y power su pply. O n th e lase r head, connect the
+ 1SV to pin A, the -1SV to pi n B, and th e return to p in D of the
POWER connector (Figure 4-7) . O n the re ce ive r(s) connect
the + 1SV to pin 4 a nd return to p in 3 (se e Figure 4-6).

WARNING

BEFORE PERFORMING THE FOLLOWING STEPS, BE SURE
THAT ALL SYSTEM ITEMS THAT ARE CONNECTED TO AN
AC POWER SOURCE HAVE A COMMON EARTH GROUND
CONNECTION. IT IS POSSIBLE TO HAVE A DIFFERENCE IN
ElECTRICAL POTENTIAL BETWEEN THE VARJOUS SYSTEM
COM PONENTS IF A COMMON GROUND IS NOT ENSURED.
THIS COND ITIO N CAN CAUSE INJURY TO OPERATI NG
PERSONNEl AND/OR CAUSE DAMAGE TO THE SYSTEM
COMPONENTS. ALSO, BE CERTAIN THAT ANY SURROUND­
ING EQUIPMENT, SUCH AS A MACH IN E TOOl, HAS THE
SAME COMMON GROUND FOR ITS POWER SOURCE AS THE
LASER SYSTEM GROUND.

e . Co nnect the + l SY power ca b le be tween the +1SV power supp ly and the laser head
POWER co nnecto r. If you have fabricate d your ow n cables and have any doubt which
cabl e is ind icated , refer to Ap p endix C, CABLI NG .

NOTE

In step f (except fo r the 10781A Pulse Co nverter System ) it is
not necessary to connect the electronic interface connectors
to th e ir re spect ive u nits (co u n te r, fas t p ulse converter, e tc). The
-i-15V lines of these co nnectors are rep licated wi thin the inte rface
connectors . For the 10781A Pu lse Converter, th e connector
must be connected since the + 15V lines are rep licated with in
the p ulse converter.
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f. Connect the measurement/reference cable assembly to the laser head and receive".
Connect the reference leg to the REFERENCE SIGNAL connector on the laser head and
the measurement legis) to each receiver connector.

g. Apply system power and verify that the laser head emits red light. DO NOT VIEW
THE LIGHT DIRECTLY. Instead, place a white paper or card in the beam path and
view the beam reflection on the white surface.

h. Take each receiver, in turn, and position it in front of the laser so that the laser beam
is centered on the receiver photodetector. Be sure to rotate the receiver around the
laser beam axis to a point where one of its flat sides rests in the same plane as the base
of the laser head. False indications can otherwise result. Verify that the LED on each
receiver lights and the voltage at the receiver test point is between 0.6 and 1.5V de.

I. Block the laser beam and verify the LED indicator goes out.

). Verify that the system controller is working properly. Refer to the applicable manuals
for checkout and diagnostic procedures.

k. Remove system power and disconnect all equipment.

5.4 INSTALLATION AND ALIGNMENT Of LASER HEAD, RECEIVER, AND OPTICS

The proper installation and alignment of the laser head, receiver, and optics is one of the most
critical procedures in the installation of the Laser Transducer System. For this reason an entire
section (Section II) is devoted to considerations of proper measurement path layout, sources
of error, mounting, beam protection, and alignment techniques. Only after you have carefully
read Section II and have laid out a measurement path should you attempt to install the
equipment.

a. Install the laser head, receiver, and optics in their preplan ned positions using the
mounting instructions contained in Section II.

b. Run the measurement/reference cabling as planned. Be very sure that there is no
possibility of the cable binding during machine operation. Connect the reference leg
to the REFERENCE SIGNAL connector on the laser head and the measurement legis)
to each receiver connector.

e. Install the +15V and +5V power supplies. Refer to the applicable manuals for dimen­
sions and mounting instructions.

d. Connect the +15V power cable between the +15V power supply and the laser head
POWER connector. Again, be very sure there is no possibility of the cable binding during
machine operation.

e. Connect the +15V power supply to a suitable source of ac power and apply system
power.

f. Verify that the laser head emits red light. DO NOT VIEW THE LIGHT DIRECTLY. In­
stead, place a white paper or card in the beam path and view the beam reflection on
the white surface.

NOTE

The sequence of the following steps will depend upon the pre­
vious decisions you have made regarding the measurement
path. If you need laser beam protection such as conduit and
junction boxes, you will need to decide whether it will be
easier to install the beam protection first and then align the
system or vice-versa.



.. ···1

'':',
{

J.

.. 'j

.....,

,,
•,
I
.t

· -..;

i..., ,

1

,\

.",'

(
)

·-I

,.1

'r
'\

..,

,
1
1

..:}

{
.... 1.

'. ··1

I
, '" i

. "

• •••

!..,
..
.,,
(,

I
t

, ..J

",•,
..J
.

I
J

g. Install beam protection equipment if requ ired. Refer to Section II.

h. Align the system . Refer to Section II .

I. Verify that the LED on each receiver lights and the vol tage at the receiver test point is
between 0.6 and 1.5V de. Block the laser beam between the interferometer and retro ­
ref lecto r in each axis and verify the applicable receiver LED goes out.

j. If t he opt ional 5510A Opt. 010 Automatic Compensator is used, install the un it (refer to
the 551 0A Automatic Compensator Operating and Service Manual ) and place the
sensors as determined by the measurement path layout (refer to Sect ion II ). For an
explanation of the individual controls on the 5510A O pt. 010, see Figure 4-8.

k. Rem ove system power.

5.5 INSTALLATION OF ElECTRONI C INTERFACE CO MPO NENTS

The proced ures for the installat ion of the electronic interface are subdivided into the following
categories:

a. Calcu lator Interface Electronics installation.

b. Computer Interface Electron ics installation .

1. Counter-based system installat ion.
2. Comparator-based system installation.

c. English/ Metr ic Pulse Ou tput Electron ics installation.

d. 10781A Pulse Converter Electron ics install ation.

Each of these procedures is com plete. Therefore, select the procedure that matches your sys­
tem and perform the indicated steps.

5.6 HP-IB INTERFACE ELECTRONICS INSTALLATION

The Hp· IB Interface Electronics is a wi red interface between the 5501A Laser Transducer and
any digita l contro ller compatible with the Hew lett-Packard Interface Bus (HP-IB). The basic
interface system works with a 9825A Program mable Calculator and interface electron ics for
two axes of measurement. All interconnecting cab les between the Calculator Interface Elec­
tron ics and the 5501A Laser Transducer are supplied .

5-9
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a. ,, &I, : 6I1
II &. " V

PHOTOOETECTORS

1WO FREOUENCY
ZEEMAN LASER

Oldiefgenerates light of two slightly d ifferent
frequencies with opposite circular polarizations.

G o ne of the two frequenci es f" is optically
separated and sen t to the movable external
cu be -corner reflecto r.

O The seco nd frequency. fl' is o ptica lly separated
and sent to a fixed reflector and then rejoins f,
at the beam sp litter to produce an Inre rte rence
signal at about 2 MHz .

Olf the movable reflector moves, the returning
bea m frequency wil l be Doppler-shifted slightly
up or down by Af, depending on d irect ion of
motion.

O Photodetecto r changes r, and (f 1±..1f1 ) to elec­
trical Signal.

O Photode tecto r changes refe ren ce beam, f, and
fl' to e lectrical signal.

OACamplifier separates measurement frequency
differe nce signal fl - (f,z Af1) .

OACamplifier separates refe rence freq uency
difference signal i l -f,.

O pUlse converter extracts Af, and outputs one
pulse per qua rter wavelength of motion.

Figure 1- 3. Typ ical Laser Transducer System Block D iagram

1.11 TYPICAL APPLICATIONS AND MEASUREMENTS

Any machine with an accurate position ing requirement is a candidate for the Laser Trans­
ducer. Those with multiple axes such as nu merically-contro lled machine tools and coordinate
measuring machines benefit especially from its mu ltiaxis capabili ty. NC machine tools,
transfer mach ines, and other equipment having long axes ca n take advantage of the fact that,
un like other pos ition tra nsducers , a laser bea m is the same price regardl ess of its length. At the
other end of the size scale , two-axis machines with X-Y motion , used for integrated circuits
manufactur ing and photogrammetry, profi t from the Laser Transducer's unique plane-mirror
measurement technique. Ma ny machines with an ultra-fine resolution requirement, such as
the above X-Y stages and coordinate measuring machines, microscopes, grinders, d ilato­
meters, and manometers can fully utilize qu arter-wavele ngth-of-ll ghr o r better resolution.

1-9
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Perform the installation as follows:

a. If th e 107401\ Coupler is to be rack mou nted or installed in a cabinet, refer to the 107401\
Couple r Operating and Service manu al fo r d imensions and installat io n instructio ns.

b . Co nnect the +SV power supply cab le between the power supply and the 107401\
Couple r rear pa nel term inal strip .

c. If the o ptional 55101\ Opt. 010 Automatic Compensator is used, connect the + 1SV
power supply cab le between the power sup p ly and the 107401\ Coupler rear-pane l
te rmina l str ip. Connect the interface cab le between the 55101\ Opt. 010 and the 107551\
Compensat ion Interface.

d . If th e 107831\ Numer ic Disp lays are used , co nnect the +5V power cab les between the
nume ric disp lay rear panels and the +SV power so urce on the back of th e 107401\
Coupler.

e . Connect the +1SV power supply (if used ) and +SV power supp ly to suitable sou rces of
ac power. Apply syste m power. Ve rify the vo ltage at th e coupler rear panel is +15V de
±0. 25, -1 SV dc ±O.2S, a nd +SV dc +0.10, -G.OSV de. Remove system power.

NOTE

To connect any hooded connector to a ci rcu it card in the
107401\ Coup ler, pass the co nnecto r th roug h the slo t in th e
re ar panel of the coupler and install it o n th e front edge con­
nector of the applicable card (see Figure 5-5) .

Figure 5- 5. Installation of H ooded Connectors and Circuit Cards
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f. Remove the front panel of the coupler.

NOTE

A ll 10760A Counter cards are supp lied with the NO RMAL/
REVERSE jumper in the NO RMAL position. The correct
posi t ion for the NORMAL/REVERSE jumper is determ ined
during system checkout.

g. Connect the reference/ measurement cables from the laser head and first receiver to
the firs t 10760A Counter card (see Figure 5-6 for a typica l system interconn ect ).

h. Connect the hooded connectors in sequence to each of the additional 10760A Counters
in the system and daisy-cha in the REF connectors as shown in Figure 5-6.

i. App ly system power and verify that the reference and measurement LED indicators
located near the bottom front edge of each counter light (the reference LED indicator
is the one closest to the front edge), Remove system power.

J. Connect the system contro ller to the 10745A HP-IB Interface card using the inter­
connect cable (P/ N 59310-60002). Refer to the System Controller Operating Manual.

k. If t he 10783A Numeric Disp lays are used, connect them to the HP-IB Bus using the
10631A, B, or C cables.

I. Apply system power. A t th e rear panel of the 10740A Coupler veri fy that the voltage
is +15V +0.25V de, - 15V +0.25V de, and +5V +0 .10, -0. 05V de.

5-11
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5.7 COMPUTER INTERFACE ELECTRONICS INSTALLATION

The computer interface electro nics are designed to interfac e the 5501A Laser Transducer Sys­
tem to a wide varie ty of d igital processors (includ ing a calculator if d esired ). Or iented toward
the O riginal Equipment Manufacturers (O EM), the ind ividual components are selected and
assem bl ed by the user for a specifi c application.

The compute r interface e lectronics are subdivided into the following two types of systems:

a. Counter-based system (10760A Counters).
b. Com parator-based systems (10762A Comparator).

Refer to Section I configuration information to determ ine what equ ipment is included in your
system and use the applicable installatio n procedure to e nsure proper installat ion .

The computer interface electron ics include any system selected from the eq uipment specified
in Table 1-4 of Section I [i.e. , wired, configured , and tested by the end user). The reason th is
distinctio n is made is that it is very important that you perfo rm the installation very carefu lly
to avoid system damage o r malfunctions. If, for example, a power cable is miswired, it can
very easily cause eq uipme nt damage . Or, if the address jumpers on the cards are not correct ,
the system will not function properly.

5.8 Counter-Based System Installation

Perform the installation of a counter-based system as follows:

a. If the 10740A Coupler is to be rack mounted or install ed in a cabine t, refer to the
10740A Coupler O pe rating and Service manua l fo r d imensions and installa tion
instructions.

b. Connect the +SV power supply cable between th e power supply and the 10740A
Coupler rear panel terminal strip.

c. If the o ptional 5S10A O pt. 010 Automatic Compensator is used, connect the +15V
power supply cable between the power supply and the 10740A Coupler rea r-panel
terminal strip. Connect th e interface cable between the 5510A Opt. 010 and the 10755A
Compensation Interface.

d . If the 10783A Numeric Displays are used , connect the +5V power cables between the
numeric display rear panels and the +5V power source on the back of the 10740A
Coupler.

e. Connect the +1SV powe r supply (if used) and +5V to suitable sources of ac power.
Apply system power. Verify the voltage at the Coupl er rear panel is +15V de +0.25,
- 15V de +0.25, and +5, +0.10, - 0.05V de. Remove system power .

NOTE

To connect any hooded connector to a circuit card in the10740A
Coupler, pass the connector thro ugh the slot in the rear panel
of the co upler and install it o n the front edge connector of the
applicable card (see Figure 5-5).

f. Remove the fro nt panel of the coupler.

NOTE

All 10760A Co unter cards are supplied with the NO RMA LI
REVERSE jumpe r in the NO RMALposition. The co rrect position
for the NORMAl/REVERSE jumper is de termined during sys­
tem checko ut.

5-13
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g. Check the add resses and jumpers o n all system cards and u nits. It is advisable to make
a list of each of the system add resses for fu ture re ference. Refe r to the individual unit
man uals if it is necessary to cha nge addresses or jumpers.

h. Insta ll all cards in the 10740A Coupler (see Figure 5-5). Be certa in that the 10760A
Counter ca rds are in the p roper o rder.

i. Co nnect the re ference /measure men t cab le from the lase r head a nd first rece iver to
the first 10760A Coun ter card (see Figure 5-7 fo r a typ ical system se tup ).

j. Connect the hooded connectors in sequence to each of the additional 10760A Counters
in the system and daisy-chain the REF connectors as show n in Figure 5-7.

k. If the standard 10756A Manual Compe nsa tor is used, mount it o n the edge connector
of the 10755A Compensation Inte rface.

I. Apply syste m power and ve rify that the reference and measurement LED indicators
located near the bottom front edge of each counter light (th e reference LED indicator
is the one closest to the front edge ). Remove system power.

m. Connect the syste m controller to the 10746A Binary Interface using the cable fabricated
d uring the preliminary p rocedure .

n. If 10783A Nume ric Displays are used , co nnect them to th e system controller using the
10631A, B, o r C cables. Refer to the 10783A Nu meric Display Operating and Se rvice
ma nua l.

o . App ly system p ower. At the rear panel of the '10740A Coup ler, ver ify that the vo ltage is
+15 ±0.25V de, -1 5 +0.25V de, and + 5 +0.10, -0.05V dc (see Figure 5-4).

5.9 Comparator-Based System Installation

Perform the installatio n of the comparator-based system as fo llows:

a. If the 10740A Coupler is to be rack mounted o r installed in a cabinet, refer to the
10740A Co up le r Operating and Service ma nua l fo r dimensions and insta lla tion
instructions.

b. Connect the +5V power supply cable between the power supp ly and the 10740A
Coupler rear pane l termin al strip.

c. Connect the +15V p ower supply cable between the power supply a nd the 10740A
Coup ler rear-panel terminal strip. Note that if the optiona l 5510A Opt. 010 Automatic
Compe nsator is used, connect the interface cable between the 5510A Opt. 010 and the
10755A Compe nsat ion Inte rface .

d . If the 10783A Numeric Displays are used , connect the + 5V power cables between the
numeric display rea r pane ls and the +5V power so u rce o n the back of the 10740A
Coupler. .

e. Connect the +15V power supply and +5V to suitable so u rces of ac power. Appl y system
power. Verify the vo ltage at the couple r rear pa nel is +15V dc + 0.25, -lSV de + 0.25,
and +5V de +0 .10, -0.05. For 4-axis 10746A syste ms, the vol tage on the front of the left­
most card (o utp ut card of the recommended confi gu ratio n) should be se t to 4.8 to 4.9
volts. Remove syste m power.

NOTE

To connect any hooded con nector to a c ircu it card in the
10740A Coup ler, pass the co nnector through the slo t in the rear
panel of the coupler and install it o n the fro nt edge connector
of the applicable ca rd (see Figure 5-5).
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Figure 5-7. Coumer-Besed System In terconnecting Diagram

5-15



".~

f. Remove the front pa ne l of the coupler . ••

g. Check the addresses and ju mpe rs on all system cards and units. It is advisable to make
a list of each of the system addresses for future re fe re nce. Refer to the individual unit
manuals if it is necessary to cha nge addresses or jumpers. Re fe r to Tebies 5-2a thru 5-2e
for 10764B resolut ion extension switch settings.

h. Install all card s in the 10740A Co upler (see Figure 5-5). Be certa in that if more than
one 10764B Fast Pulse Co nverter card is used, they are installed in the proper order.

NO TE

If mo re than one 10764B Fast Pulse Co nverter card is used th e
physica l co nfiguration of the referen ce/measure me nt cabl e
restr icts the instal lat io n of the hooded co nnectors to a u n iq ue
orde r. Therefore, it is very important that yo u co nnect the cor-
responding measuremen t legs of the ca ble to the appropri ate
receivers. If the optimu m optical measurement path layout
makes this impossi ble, it will be necessary to exch ange cards
in thei r slot o r re-address the 10764B Fast Pulse Conve rters to
conform to the actual system con figu ration (re fe r to the 10764B
Fast Pu lse Co nverte r Operating and Service Ma nual ).

I. Con nect the reference/measurement cable from the laser head and first two rece ive rs
to the first 10764B Fast Pulse Conve rte r ca rd (see Figure 5-8 for a ty pical system setup ).

• If the system includes more tha n two measureme nt axes, connect th e hooded co nnec-J.
tors in seq ue nce to each o f the addit io nal 10764B Fast Pulse Converte r cards in the
System and the asso ciat ed pai rs of RF cables to the 10762A Compa rato r ca rds.

.F; . .~ · .

•

k. If the sta nda rd 10756A Manu a l Compe nsator is used , mo unt it o n the edge co nnector
of the 10755A Compe nsation Inte rface .

I. Apply system power and verify th at t he refere nce and measu reme nt LED indicators
located near the botto m front edge of each counter card lights (the ref erence LED in-
dicato r is the one closest to the fro nt edge) . Rem ove system powe r.

m. Connect the system controller to the 10746A Binary Interface . Use the cable fabricated
during the preliminary proced u re. Connect the interface cables b etween each 10762A
Compara tor in the coupler to the dr ive system of the machine .

n . If 10783A Numeric Displays a re used , con nect them to th e system co ntro ll e r using th e
.:. .

10631A, B, or C cables . Refe r to the 10783A Numeric Display O p erat ing and Service-.- ...--.',.
:~ ...

manual.

o . Apply system powe r. At the rear panel of the 10740A Coupler, ve rify that the voltage
is +15 +0.25V de, - 15 +0.25V d e , and +5 +0. 10, -0.05V dc (see Figure 5- 4).

....

5.9.1 10764B RESO LUTION EXTENSI O N. Provis ion is made to se lect one of 32 resolutio n
factors by mean s of three switches lo cated on th e 10764B. A 4-pole switch labe lled P is com mo n
to both axes. Two 4-po le switches labe lled Q are for the sepa rate measure ment axes . The Q
switches must have only o ne switch set up (away from the dot) at anyone time . An y combination
that results in a number between 8 a nd 15 may be used o n the Pswitch . The available combina­
tions fo r the var ious mod es are listed in rabies 5-2a thro ugh 5-2e.

.'. NOTE

System resolution = Q /P X 11./4 for li nea r inte rfe ro mete r and Q /P X 11.8
for plane mirror.
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Table 5-2a. Resolution Extension Factors

RESOLUTION EXTENSION = P/Q

Q p 8 9 10 11 12 13 14 15

8 1 1.125 1.25 1.375 1.5 1.625 1.75 1.875

4 2 2.25 2.5 2.75 3.0 3.25 3.5 3.75

2 4 4.5 5.0 5.5 6.0 6.5 7.0 7.5

1 8 9 10 11 12 13 14 15

Table 5-2b. Resolution of a Single Beam or
Linear Interferometer whh the 10764B

.

Q P

8

4

2

1

8

A/ 4

A/ 8

Al16

Al32

9

Al4.5

A/9

Al18

Al36

10

Al5

A/l0

Al20

Al40

11

Al5.5

All l

Al22

Al44

12

Al6

A/12

A124

Al48

13

A/ 6. 5

A/13

A/26

Al52

14

A/7

Al14

Al28

Al56

15

>J7. 5

A/ 15

Al30

AlGO

;c -

Table 5-2c. Resolution of a Plane Mirror
Interferometer with th e 107648
-

Q P 8 9 10 11 12 13 14 15

8 A/ 8 Al9 A.'10 x/u A/ 12 Al13 Al14 A/1 5

4 A/ 16 Al16 .\/20 Al22 Al24 A/26 A/28 Al30

2 A/32 A/36 Al40 Al44 A148 A/ 52 A/ 56 A/GO

-- I 1 Al64 A/72 Al80 Al88 Al96 " /104 1./ 112 1./ 120

Table 5~2d. M aximum Velocity for Non-Dliietentiel
M ode Single Beam and Linear Interferometer (inches/ second)
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Table 5-2e. M aximum Velocity fo r Different ial M ode Single Beam
and Linear Interferometer (inches/ second)

•

I I " t' ! I U I I I I I8 9 11 12 13 14 15

1
13

.
5

-

4 I 1'3 »: 13.5 13.5 8 6
21 18.5 /" 17 12 /' 11.5-_...._- -- -- - - --- --- -

2 I 13.2 13.6 1 1~ 14

11 .2 / / 9 .4 I 9 / 7 .7-
1 I 13.2 13.0

1
' 3 8

"
14 / /" i~ .............- X;18

5.5 4.7 . > 4.4 3.8 I 3 .5 3.2 1/ / 3

107648

"(

Max. velocit y for DIFFE RENTIAL MODE SING LE BEAM & LI NEAR
INTER FEROMETER. Upper numbers are l im i ts for individu al retrcreflec­
tors and lower nu mbers, if listed, place add it iona l specs on relative velocity
o f rerrcretrectors.

).
•

I
•

r
~

The resolutio n e xte ns io n factor will o nly be changed at t he time the syste m reset is e nabled o n
the back pla ne, o r t he manual " RESET" switch is raised and lo wered, or when a OX command is
rece ived. Afte r cha nging the reso lutio n, or when powe ring up, 2 or more reset pu lses should
be sent to the syste m to allow for resulting transie nts to d ie out.

In additio n, check the fo llowing switches and jum pe rs o n th e 10745A, 10760A, and 10783A (see
the indivi dual O pe rating and Se rvice manuals).

5.10 ENGLISH/ METRIC PULSE OUTPUT ELECTRONICS INSTALLATIO N

•

•

The 5501A English/Metric Pu lse O utput Elect ro n ics provi d es micromet re or microin ch valu e
pulses. The output signal cable lengt hs are standard at 4.57 m (15 ft.) and are terminated in bare
wires. All inte rconnecting cab les be twee n the English/Me tr ic Pulse O utput Electron ics and the
5501A Lase r Transd uce r are supplied .

,~

•... , NOTE

The jumpers and switches on the 10763A Eng lish/ Metric Pulse
Ou tput cards must be properly set prio r to o perat io n (re fer
to Table 5-3 for a summary of ju mper a nd switch posi t io ns).
Refer to the 10763A English/Metric Pulse Output Un it man ual
fo r d etailed informat io n.

;

".,.,,: -

....

."- .

• a . If the 10740A Coup ler is to be rack mou nted o r installed in a cabinet, refer to the
10740A Co up ler O perating and Service manua l fo r d imensions and installat io n
instructions.

b . Con nect the + 5V power supply cab le between th e p owe r supp ly and the 10740A Coupler
rear pane l termi nal strip.

5-1 9
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SAFETY
This product has been designed and tested according to International Safety Requirements. To ensure safe
operation and to keep the product safe, the information, cautions, and warnings in this manual must be
heeded. Refer to Section 1 for general safety considerations applicable to this product.

CERTIFICATION
Hewlett-Packard Company certifies that this product met its published specifications at the time of ship­
ment from the factory. Hewlett-Packard further cerrifies that its calibration measurements are traceable
to the United States National Bureau of Standards, to the extent allowed by the Bureau's calibration facility,
and to the calibration facilities of other International Standards Organization members.

WARRANTY
This Hewlett-Packard product is warranted against defects in materials and workmanship for a period of
90 days from date of shipment, except that in the case of certain components listed in Section 1 of this
manual, this warranty shall be for the specified period. During the warranty period, HP will, at its option,
either repair or replace products which prove to be defective.

Warranty service of this product will be performed at Buyer's facility at no charge within HP service travel
areas. Outside HP service travel areas, warranty service will be performed at Buyer's facility only upon
HP's prior agreement and Buyer shall pay HP's round trip travel expenses. In all other cases, products
must be returned to a service facility designated by HP.

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

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance
by Buyer, Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside
of the environmental specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOlE AND EXClUSIVE REMEDIES. HP SHALL NOT
BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES,
WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE
Product maintenance agreements and other customer assistance agreements are available for Hewlett­
Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided
at the back of this manual.
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Three linear measurement techniques are available with the Laser Transducer: the 10702A
Linear Interferometer for normal usage; the 1070SA Single Beam Interferometer for non­
contacting applications or usage when space is severely limited in the measurement path;
and the 10706A Plane Mirror Interferometer.

The plane mirror interferometer technique is uniquely suited for monitoring the motion of
X-y stages. Measurements taken using this technique are immune to pitch or yaw of the
moving stage as X and Yare measured in the same plane. The technique is also useful for
many non-contacting applications.

Output formats are also varied. The Laser Transducer can be interfaced to virtually any mini­
computer controller (including the HP Model 21MX Computer) and many "hardwired" con­
trollers. Interfaces to HP Calculators are easily accomplished as well.

For readout, numeric displays are also available with the Laser Transducer System. Other capa­
bilities include automatic compensation, the ability to monitor changing atmospheric con­
ditions and provide wavelength corrections (due to the changing velocity-of-light) to the con­
troller or displays. Included in this automatic compensation package is the additional capa­
bility to compensate for the thermal expansion and contraction of machine or workpiece.

1.12 CONFIGURiNG A 5501A LASER TRANSDUCER SYSTEM

Use the following information on configuring a SSOlA Laser Transducer System to determine
and record exactly what equipment is present in your system. You can then use that record to
determine the specific information in this manual that is directly applicable to your system.
For an overview of the various possible configurations see Figure 1-1.

a. LASER. All systems are based on one SSOlA Laser Transducer. This instrument houses
the laser source and its associated circuitry. It also produces the reference signal and
provides diagnostics of the laser source (refer to Table 1-2).

b. CHOOSE ACCESSORIES FOR EACH AXIS OF MEASUREMENT (up to four axes). As illus­
trated in Figure 1-1, three accessories are required to be mounted on each machine axis;
an interferometer, a reflector, and a 10780A Receiver. When the 10702A Linear Interfer­
ometer is used, the 10703A Retroreflector serves as its reflector. For the 1070SA Single
Beam Interferometer, the reflector may be either a flat reflective surface, or the 10704A
Retroreflector. The 10706A Plane Mirror Interferometer is designed to be used in con­
junction with high-quality plane mirror reflectors (refer to Table 1-2).

The 10780A Receiver is a photodetector/preamplifier package which senses the laser
beam and generates the measurement signal (refer to Table 1-2).

c. CHOOSE OPTICS TO DIRECT LASER BEAM TO MEASUREMENT The 10707A
Beam Bender and 10700A/10701A Beam Splitters are designed to "pipe" a portion of
the laser beam to each axis (refer to Table 1-2).



Table 5-3. Typical Configuration Guide for System jumpers or Switches

(Master)
X-Axis

(labeled on Card)

Y-Axis
(labeled on Card)

I-Axis
(labeled on Card)

Already set at facto ry but may
have moved in shipment.

X~IIIII -1567

Already set at factory but may
have moved in shipment."

z~11111 1567

Already set at factory but may
have moved in shipment."

__ 1<1 1 " 1 JS67
Already set at factory buy may
have moved in shipment.

z~11111 -!S67

Set Up
Next

Address

Set Up IAlready set at factory but may
Address Ihave moved in shipment. '"

, x~l,lll ,1$7
I IAlready set at faeto"~y b'~t may

have moved in shipment.

y~11111 -1 567

This jumper is removed.

Set by user. Set to UP arbitrarily.

Set up by user. See paragraph 5.10.2
or 10763A English/Metric manual

- - ---,,--,,-- -,,--- 1-',-°-' _d_" _'_ils_- -,,-_-.,-
This jumper is installed as the
resolution is English. Remove for
Metric units.

Set up by user, See paragraph 5.10.2
or 10763A English/Metric manual
for details.

'I-~~;~Ied in the GO PositiO~:'---~~~lledin the G5--position.---'-'"-~

This jumper is installed as the
resolution is English. Remove for

lMerr!c units.

Set by user. Set to UP
[arbirran!y.

This jumper is installed as the
resolution is normal. Remove for

: Xl0.

Inch

NOR

Deadpath] Set up by user. See paragraph 5.10.2
or 10763A English/Metric manual
for details.

This jumper is installed as the
reso lution is normal. Remove for
X10.

first IThis jumper is removed as this is the This jumper is inserted since
. master card in the system, x-axls is the master card.

-- 1 -

One AxislThis jumper Installed if only one axis This jumper is removed .
isystem. This jumper is removed.

E RR- I l ns t ali~d in the GO position,

,- Stop/Go l-,------- I I I
A/UP lSet by user. Set toUP arbitrarily.

This jumper is installed as the
resolution is English . Remove for
Metric units.

I-----j~~-~--~- - ~-__1 I ~---- I

TEST / I Run.
RUN

Run. Run.

gOO KHZ/Jset up by user. Set to 1,6 MHz
1.6 MHz arbitrarily.---,-_..

Axis
Select

._~I -l571 .~, I -!S71 . __ I -1571

Set up by user. Determ ines reso­
iution of pulses out.

Basic resolution is .1 em

I--~ ----- ~ I I I
Weight Set up by user . Determines reso­

lution of pulses out.

Basic resolution is .1 urn

ExamplesI Resolution Switch Settings ' Resolution Switch Settings Resolution Switch Settings

Xl=(IJ+l) I,1 ern
lSB MSB lS8 MS8 LSB MSB

II I I I I I I I -I .1).Lm !
I -,

.1 urn II I I I -I(10 Min) I I I I (10 ,uin) I I I I(10,uin) I I I

X10=(9+1)ll ,um
lSB MSB lSB MSB lSB MSB

1
1

11
1

1 1 1 1 -I 1 urn I -I 1 urn

1
1

11
1

11 11 -I(100,uin) (100 .uin)(100 Mini 1 I I I I I 1 I

IX10fl=(99+1j10 ern LSB MSB LSB MSB tu um LSB MSB

II I II -, 10 urn I -, I" III -I1000 ).Lin) (1000 ,uin)I I I I 11000 Mini I I I I I I I I I I I
I
i

*A 10760A Counter card must be addressed to correspond to each 10763A card (e.g.. X, Y, and Z for this example).
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c. If the optional 5510A Opt. 010 Automatic Compensator is used, connect the +15V
power supply cable between the power supply and the 10740A Coupler rear-panel
terminal strip. Connect the interface cable between the 5510A Opt. 010 and the 10755A
Compensation Interface.

d. Connect the +15V power supply (if used) and +5V power supply to suitable sources of ac
power. Apply system power. Verify the voltage at the coupler rear panel is +15V de
+0.25, -15V de +0.25, and +5 +0.10, -0.05V de. Remove system power.

NOTE

To connect any hooded connector to a circuit card in the 10740A
Coupler, pass the connector through the slot in the rear panel
of the coupler and install it on the front edge connector of the
applicable card (see Figure 5-5).

e. Remove the front panel of the coupler.

NOTE

All 10760A Counter cards are supplied with the NORMAL/
REVERSE jumper in the NORMAL position. The correct position
for the NORMAL/REVERSE jumper is determined during system
checkout.

f. Connect the reference/measurement cable from the laser head and first receiver to
the first 10760A Counter card (see Figure 5-9 for a typical system setup).

g. Connect the hooded connectors in sequence to each of the additionall0760A Counters
in the system.

h. Apply system power and verify that the reference and measurement LED indicators
located near the bottom front edge of each 10760A Counter light (the reference LED
indicator is the one closest to the front edge). Also verify that the ON LED indicator
on the 10763A card lights. Remove system power.

CAUTION

00 nol connect the twisted pair output cables (pari of the
10763-60002 cable) to the system coniroller or monitoring
syslem until after the correct position for the NORMAl/
REVERSE jumper on the 10760A Counter cards is determined.
This is done during syslem checkout,

i. Connect the control connector (part of the 10763-60002 cable) to the system controller
(see Table 5-4 for signal definitions and Figure 5-70 for signal timing relations).

j. Apply system power. At the rear panel of the 10740A Coupler, verify the voltage is +15
"-0.25V de, -15 +0.25V de, and +5 +0.10, -0.05V de.

5.10.1 10763A INTERFACING TO CONTROLLER. Figure 5-70a shows the recommended inter­
face between the 10763A and a controller. Special attention should be paid to the required START
and STOP switches as shown.
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;~~~~ TSUPPLY - 5
8lK

NOTE: SEE FIGURE 5-4 FOR DETAILSOF REO
POWER SUPPLY WI RING AND 62605L .$
GROUNO CONNECTIONS - 10740-.. 60004

WHT-
• VIO

RED
1:15 VOLT +S
POWER SUPPLY L" REO
62215E • YEL 10740-60005-

C :" BLK

ln.05501-60009 -5 r-,
YEL

5501A r POWER ...,lASER L ___ ...J fl.l BLK
HEAD

r REFERENCE l h 05501 60000 I REF ~0760-"60002
L ~G.!:JA l __ .J fLl 1\ 10740A

COUPLER

10780A
10760A RED

h 10780"·60003 COUNTER +15V
RECEIVER IRCV BLK

fLl 15V

~
POWER YEL

\ CONNECTION l5V RET

" TERMiNAL

" 10760A STRIP
10780A

~
10780 60003 COUNTER

RECEIVER IRCV
"0

TO ADglONA L

<5V RED

WHT
5510A OPT 010 r AUX--' COUNTER +5V RET BLK
AUTOMATIC L. ___ ....l

10755ACOMPENSATOR

r- DISPLAY-:
h-, 59995-61082 COMPENSAT ION INTERFACE

fL'L __ _ .....

10765A MANUAL -1--
COMPENSATOR 10761A

NO FRONT EDGE MULTI PLIER

TWISTED~
CONNECTION REQUIRED

10763-60002 10763APAIR

TO COUNTER ENGLIS H/METRIC

ON CONT ROl l ER OUTPUT

TWiSTED
PAIR STATUS SIGNAL~I I

TWISTED:\

TO CONTROLLER

10763-60002PAIR 10763A

TO COUNTER
ENGLISH/METRIC

ON CONTROLLER
OUTPUT

TWISTED::J'
STATUS SIGNAL; I IPAIR
TO CONTROLLER

Figure 5-9, Typical English/Metric Pulse Output Electronics Interconnecting Diagram
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Table 5-4. 10763A Control Connector Functions

Pin* Name Inpul/Output Description

f RESET OUT Buffered, negative pulse, card and system reset. For
initializing external counter or controller at same t ime
as laser transducer system. Monitor only, do not apply
signals. Reproduced coupler bus RESET.

J STOP IN Stops entire 10763A-controlled system when this line
is set low.

H START IN Starts entire 10763A-controlled system if pin S goes high
G START IN and then S returns high and R returns low. Either this

signal or power switched on will start the system. See
Figure 5-10,

C ERROR OUT Indicates an error has been received for axis of par-
ticular 10763A. All axes ERROR lines may be wired lO R)
together. Monitor only, do not apply signal.

E CONTROL OUT When HIGH indicates "this" card is in control of 10740A
coupler bus at moment. Normally used only for trouble-
shooting. Monitor only,
-,--

D READY OUT Indicates initialization is complete. 10763A is ready to
begin measurement.

A +S Volts OUT System power supply lines. May be used for external
B COMMON purposes withi n original supply limits. The maximum

allowable current from one 10763A card is one ampere,

K AUX RESET IN May be wired to a switch on external controller to allow
L external setting of deadpath switch when necessary.

"Pinouts on Control Connector

START

START

•

---l
r
I

EXTERNAL START
AND START
COMMANDS

RESET 1 I BUFFERED RESET AVAILABLE
TO EXTERNAL EQUIPMENT

UP, DOWN

UP, DOWN

INIT IA L~' Z~A~T~,~o7N,-iN i DEADPATH COUNT'
i

u

~
DEADPATH PULSES'

OUTPUT PULSES BEGIN AF TER
READY GOES TRUE {OEADPATH
PU LSES ARE OUTPUT i F THE
NORMAl/TEST JUMPER ON THE
10763A CARD IS IN THE TEST
POSI TION) .

5-24

'The distance measured In TEST equals the distance set into the
deadpettt switches "'0.0435 mil Ii metres when in metric 0' 0.00175
inches when '1'1 English, Rete' \0 the 10763A English/Metric
Pulse Outpu t manual.

Figure 5-10. Control Connector Signal Timing Diagram
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5.1 0.2 PROCEDURE FOR DEADPATH CO NVERSION. For the 10763A installation, deadpath
should be carefully measured and set in the 14 DEADPATH switches.

,. ,, NOTE
Maximum Allowable Deadpath*

,.

Resolution Selected

Normal Extended
X1 X10

Metres 21.2 2.12

Inches 836 83.6

*Deadpath exceeding these amounts can not be compensated for .

The deadpath in metres or inches must be adjusted and converted to b inary numbers before
it can be set in th e 10763A binary DEADPATH switches. Use the following procedure to adju st
and convert the measured deadpath to the switch settings.

.'.
:" .i·

l,

" U1 a: N = (X )( K )( R )

ClOCK RATIO
Calcu late N from this for- .

where:....

. (:
, !

i.,
j

,,.
••,:
i,

N = number to be converted to binary

x = deadpath

!'
; ',

K = 1.605 08 X 10' for X in inches = 10 J,dn
or 6.23023 " in

K = 6.319 202 X 10' for X in metres
.'

', ...
CLOCK RATIO = 16 for 800 kHz clock selected

or
CLOCK RATIO = 8 for 1.6 MHz clock selected

:.,

or R = 10 for times 10 resolution selected

,

i,..'
or R = 1 for normal resolution

<:-...:.
r·.

.J
' ,..
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In the following steps d irections will be give n to set th e 14 deadpath switches to e ither
o ne (up) or ze ro (down) after a subtractio n has been mad e . At each ste p note the correct
sw itch sett ing in the box for refe re nce .

,.- -

5tep Se t in Switch

1. [a) If N~ B 3BB 60B set switc h 553-13 to 1 a nd subtr act 8 3BB 60B from N 0 53-13
to carry to ste p 2 as Nz-

or

(b) If N< B 3BB 60Bset 513 to 0 a nd ca rry N to ste p 2 as N, .

2. (a) If N ,~ 4194 304 set 553-1 2 to 1 and subtract 4 194 304 from N, to 0 12
carry to ste p 3 as Na-

or

• •

-r:

(b) If N,< 4 194 304 set 553-12 to 0 and carry N, to step 3 as N, .

3. (a) If N,~ 2 097 152 set 553-11 to 1 and subtract 2 097 152 from N, to 0
carry to step 4 as N<4'

or

(b) If N,< 2 0971 52 set 553-11 to 0 an d carry N, to step 4 as N,.

11

4. (a) If N,;' 1 048 576 set 553-10 to 1 a nd su btract 1 04B 576 from N, to 0 10
carry to step 5 as Ns.

o r

(b) If N,< 1 04B 576 set 553-10 to 0 and carry N4 to step 5 as N5.

5. (a) If N ,~ 524 288 set 553-9 to 1 a nd subtract 524 2B8 fro m N, to carry 0 9
to ste p 6 as Ns-

o r

(b) If N,< 524 288 set 553-9 to 0 and ca rry N, to step 6 as N, .

{-'­
I: .
•

-:",'
·,'.
;.:..
.:.:
·" .
••
,"' ,.
":;)::';"-. -.-

c.

•

6. (aj If N,;, 262 144 set 553-8 to 1 and subtract 262 144 fro m N, to ca rry 0
to step 7 as N, .

or

(b) If N,< 262 144 set 553-B to 0 and ca rry N, to st ep 7 as N, .

7. (a) If N?- 131 072 se t 553-7 to 1 and subtract 131 072 from N, to carry to 0
step 8 as N, .

or

8

7

(b) If N,< 131 072 set 553-7 to 0 a nd carry N, to step B as N,.

8. (aj If N ,~ 65 536 set 554-6 to 1 .and subtract 65 536 fro m N, to carry to 0 6
step 9 as N,.

or

·-::.
..'.
"." .

.

",.-.

.'

,

5- 26

(b) If N,< 65 536 set 554-6 to 0 a nd ca rry N, to ste p 9 as N,.

9. (a) If N,~ 32 768 set 554-5 to 1 and su btract 32 768 from N, to carry to 0
ste p 10 as N10"

o r

(b) If N,< 32 768 set 554-5 to 0 and ca rry N, to ste p 10 as N lO •

5 ,
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5tep 5et in Switch

, 10. (a) If N 1Q~ 16 364 set 554-4 to 1 and su btract 16 364 from N lO to carry to 0 4
ste p 11 as Nll .

or
.. i

(b) If N, 0< 16 384 set 554-4 yo 0 and carry N ,o to step 11 as Nll.

11. (a) If N ll~ 8 192 se t 554-3 to 1 and sub tract 8 192 fro m Nll to carry to 0 3
i step 12 as N l1 .
;".

\" o r•

(b) If Nll< 8 192 set 554-3 to 0 and carry Nll to ste p 12 as N l1 .

i
•
i 12. (a) If N12~ 4 096 set 554-2 to 1 and sub tracts 4 096 fro m N12 to carry to 0 2

step 13 as N13 •

,j o r

(b ) If N12< 4 096 set 554-2 to 0 and ca rry N12 to step 13 as N13 •

13. (a) If N1) s 2 048 set 554-1 to 1 and subtract 2 048 from N13 to carry to 0 1
step 14 as N14'

o r

(b) If N1) < 2048 set 554-1 to 0 and carry N 13 to ste p 14 as N,. .

14. (a) If N,. Z 1 024 set 554-0 to 1 and subtract 1 024 fro m N,.. If N,. 0 0
- 1 024 > 512 add binary 1 to least sig nificant bit and carry the result
up .

An examp le of co nve rti ng the dead path to binary is given below:
'\

.l

EXAMPLE: Deadpath = 6.124 metres (extremely larqe]
Resolution: Normal , 1.6 MHz pulse rate

16.124) (6.319 202) (10' ) = 4 837 349
8

Switch Number

[2] 13

OJ 12

'oj

..J

1. 4 837 349 < 8 388 608

2. 4 837 349 > 4 194 304

Result 4 837 349
4 194 304

643 045

3. 643 045 < 2 097 152

4. 643 045 < 1 048 576

5. 643 045 > 524 288

643 045
524 288

118 757

[2]

[2]

OJ

11

10 0

9
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6. 118 757 < 262 144 [Q] 8

7. 118 757 < 131 072 [Q] 7

8. 11 8 757> 65 536 [!] 6

118 757 - 65 536 = 53221

9. 53 221 > 32 768 m 5

53 221 - 32 768 = 20 453

10. 20453 > 16 384 [jJ 4

20 453 - 16 384 = 4 069

11. 4 069 < 8 192 [Q] 3

12. 4 069 < 4 096 [Q] 2

13. 4069 >2048 Q] 1

4 069 - 2 048 = 2 021

14. 2 021 > 1 024 Q] 0

2

1

o

Switches

m
@]
@]

NOTE: In step 12,4 069 ~ 4 096. A better approximation can be obtained by rounding upwards
to 4 096 and setting switches, thus:

5.11 10781A Pulse Converter Electronics Installation

NOTE

Do no t confuse the 10781A Pulse Converter insta llation req uire­
ments with those of the 107646 Fast Pu lse Converter. The 107646
is a selectable part of the Com puter Interface Electronics.

,

The 10781A Pulse Converter provides the simplest means of ou tputt ing position informa tio n to
existing system contro lle rs . The o utput consists of Up/ Down or phase q uadrature pulses of
one-quarter wavelength value. O ne pulse converter is requ ired for each measurement ax is .
Perform the installation proced ures as follows:

a. Verify that the jumpers in the 10781A Pulse Converter match yo ur system co nfigurat ion .
Refer to the 10781 A Pu lse Converter Operating and Service manu al.

b. If the 10781A Pulse Converters are to be rack moun ted or installed in a cabi net, refer
to the 10781A Pulse Converter Operating and Service manu al fo r dimensions and insta l­
lation instructions.

c. Connect the reference and measurement cable from the laser head and first receiver to
the app licable 10781A Pulse Converte r (se e Figure 5-11 fo r a typicalsyste m interconnect).

d . Con nect the additional legs of the cable to the remaining pulse converters.

e . Connect 10781 A to +5V power so urce .
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Figure 5-11. 10781A Pulse Converter Electronics Interconnecting
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Table 1- 2. Basic Measurement Componenrs

REQUIREM ENT CONSIDERAnONS EQUIPM ENT

laser Source O ne per measurement system 5501A l aser Transducer .

How many axes of measurement? 10702A linear Interferometer
Option 001 Windows
10703A Retroreflector

What types of Interferometers wil l be used ?

Each Axis requires one Interferometer, one 10705A Single Beam Interferometer
Interferometers, Receiver! and one Retroreflector. If the 10704A Retroreflector
Retroret lectors. 10706A Plane M irror Interferometer is used,
Receivers no Retroreflector is needed .

If it is required that the 10702A. linear Inter- 10706A Plane Mirror Interferometer
ferometer be a moving component, Opt ion
001 Windows should be used . When using
the 10705A Single Beam Interferometer . it l 0780A Receiver
must always be the fixed component. When
using the Interferometer to bend one
laser beam 90 degrees, the above
restrictions d o not apply.

The percentage of the laser beam directed to
each axis is proportiona l to the length of the
axts.

Splitting ("Length of axis" is defi ned as distance from 10700A 33% Beam Spli tter
and the 5501A Laser Transducer to the farthest
Bend ing Optics position on the axis .] 10701A 50% Beam Splitter

Draw a di agram of the paths of the laser 10707A Beam Bender
beam . locat ing the position of Beam
Spli tters and Beam Benders.

Each optical component in the System has
to be adjusted for System alignment.

Adjustable The 10702A linear Interferometer and 10710A Adjustable Mount
M ounts 10706A Plane M irror Interferometer use the

10711A Adjustable Mount. The 10700A and 10711A Adjustable Mount
10701A Beam Splitters, 10705A Single Beam
Interferometer and the 10707A Beam Bender
use the 10710A Adjustable Mount .

d. CHOO SE O UTPUT FORMAT. There are a number of output fo rmats avai lable for the
S501A Laser Transducer depending on the speci f ic application :

1. H P- IB Interface Electronics, based o n the H P 9825A Programmable Calcu lator
and the HP In terface Bus, provide co m p letely integrated measurement packages
designed primarily for acqu iring, d isp layi ng, and reduci ng measurement data.
The Hp·IB In terface Electronics allows sim ple application of the 5501A Laser
Transducer to a wide var iety o f measurement o riented machines. A large number
of o pt ions such as displays, additiona l memory, pr inters, and special calcu lator
funct ions are availab le to tailor the measurement system for aspecificapplication
(refer t o Table 1-3).
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5.12 INTERfACE ELECTRONICS CHECKOUT

Since the computer interface electronics are designed to interface a user selected system to a
wide variety of digital processors, it is impossible to give a specific checkout procedure. How­
ever, a recommended approach is presented for both the counter-based systems and the com­
parator-based system.

5.13 HP-IB and/or Binary Controlled Counter-Based System Checkout

When checking out a counter-based system it is necessary to program the system controller to
verify specific functions. An example of a typical program is shown in Section IV, Table 4-12.
The example shows how to program the system using the 9825A and the HP-iB. Examples of
programming using the binary interface card are also shown. Once a system program is writ­
ten and loaded into the system controller, verify system operation by performing the following
steps:

a. Verify that the two LED indicators on the lower front edge of each 10760A Counter
card are lit. These LED's indicate that the reference and measurement signals from the
laser head and receivers ate present.

b. If the 10745A HP-IB Interface Card is used, verify that the Talk and Listen lights on the
middle front edge of the card are alternately lit when the card is addressed to talk and
listen by the system controller.

c. If the 10746A Binary Interface Card is used, verify that the Data light on the upper
front edge of the card lights when an instruction is sent from the system controller to
transfer data. Note that this light is not lit when instructions (i.e., not data) are trans­
ferred from the system controller to the coupler backplane via the 10746A card.

NOTE

If the displayed data counts down from 160 to 0 and then indi­
cates a large number with only a slight movement of the mea­
surement optics, change the position of the NORMAL/REVERSE
jumper on the 10760A Counter card (the jumper is in the
NORMAL position when shipped }. Refer to the 10760A unit
manual for additional information if required.

d. Displace the measurement optics in each axis a spec if ic distance and verify that the
output devices accumulate the appropriate number of counts for the distance moved.

e. Interrupt the laser beam in each axis and verify the system comes up with an error indi­
cation. Reset the system after each error indication.

f. Replace the front panel of the 10740A Coupler.
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5.14 Comparator-Based Systems

When checking a com parator-based system refer to Table 4- 73. This is a typical comparator
program and will ver ify ove rall system ope ration . O nce a syste m program is wr itten and
loaded into the system controlle r, veri fy syste m operatio n by perfo rmi ng the fo ll owi ng steps:

CAUTION

Prior to perform ing checko ut of the comparator-based systems
disco nnect the DAC inputs 10 the drive motors until the cor­
rect positio n of the NORMAL/ REVERSE jum pers are estab­
lished in eac h ax is. In add ition, limit switch es or stops should be
installed in each axis to preve nt the stage from overdriving
its p reset lim its.

a. Verify that the d ata light on the uppe r fro nt edge o f the 10746A Binary Interface card
lights when an inst ructio n is se nt from the system controller to transfer da ta . Note tha t
this light is not lit w he n instructio ns (i.e. , no t data) are transfe rred from the system
contro ller to the coupler backplan e via the 10746A card .

NOTE

c. Inte rrupt the laser beam in each axis and ve rify the syste m comes up with an error
ind icat ion . Rese t the sys tem after each e rror ind ication .

•
••

-

b.

If the pola rity of the DAC outputs in the fo ll owing step is not
correct, ch ange the positio n of th e NORMAl/REV ERSE
jumper o n the 10762A Comparator card o r cha nge d estinat ion
via software . Re fer 10 the 10762A unit manu al fo r additional
info rmation if req uired .

Command the syste m to move the measu remen t opti cs a specifi c distance and verify
that the DAC response is approp riate .

!.

". J

;

•, ,......

;.....•

•
'-..

d. Co nnect the DAC to the drive moto rs.

e. Command the syste m to move the measurement optics a specific distance and verify
the movement is correct.

f. Re place the fron t pan e l of the 10740A Cou pler.

5.15 EN GLISH/ M ETRIC PU LSE OUTPUT SYSTEMS CHECKOUT

The English/ Metr ic Pulse O utput System is primarily co nt rolled by firmware p rogramming o n
the 10763A Eng lish/ Me tric Pu lse Output card. O nce the system is connected to a system con­
troller and power is appl ied , the pri ma ry contro l consists o f start ing and stopping the system
and checking the output fo r errors (see Figure 5-72). To check out the system after it is installed
pe rfo rm the following chec ks:

NOTE

Disregard an y of the following steps if the system con troller
does not have the requ ired capabil ity.
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POWER UP

ERROR

OPERATING
STATE

EXTERNAL STOP SIGNAL
FROM CONTROLLER

I

I ~RESET can be used to Reset External
... Pulse Counting Device

Time to reach this state is dependent
upon the amount of deadpath. If theL trEST/RUN jumper is in the TEST
position the deadpath output pulses
can be used to verify operation.
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\
The STOP state is reverted to if an error occurs
and STOP upon ERRSTOP is requested, or if an
external stop signal is generated from the controller.

Figure 5-12. English/Metric Pulse Output System State Diagram

a. Give a start command from the system controller and verify that a ready response is
returned from the English/Metric Output Pulse System (see Figures 5-10 and 5-12).

b. Verify that the two LED indicators on the lower front edge of each 10760A Counter card
are lit. These LED's indicate that the reference and measurement signals from the
laser head and receivers are present.

c. Verify that the ON light at the upper edge of each 10763A English/Metric OutputPulse
card is lit. This indicates +5V power is applied to the cards.

CAUTION

Verify thai the twisted pair output cables (pari of 10763-60002
cable) are not connected.
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d . Verify that the CONTRO L indicator at the low er, fron t edge of each 10763A card is lit.
These indicators light to show which 10763A card in a multiaxis system is in contro l
of the system at any given time, When the system is operati ng the indicators appear
to be lit at a reduced level as co ntrol is passed from board -to-board.

NOTE

If an error ind ication is generated wh en the measurement optics
are moved , change the posi ti on of the NORMAL/ REVERSE
jumper on the 10760A Cou nter card (the jumper is in the
NO RMALposition when shipped). See Figure 5-14. Refer to the
10760A unit manua l for additional information if requ ired .

e, Manually displace the measurement optics in each ax is in a posi tive direction and
check if the system com es up with an error indication.

f. Set the preset deadpath for each axis in the individual 10763A cards (refer to 10763A
unit manual).

If the deadpath switch on the 10763A Engl ish/ M etric Pulse outpu t card has a preset
deadpath number set into it and the TEST/ RUN j umper is put into the TEST posi ­
t ion, the ca rd will output these counts. (See Figure 5-10. ) This output can be used to
verify the card operation , Refer to the 10763A unit manual for additional info rmat ion.

Interrupt the laser beam in each axis and verify the system comes up with an error
indication, Reset betw een each beam interruption ,

i, Connect th e twisted pai r output ca bles (10763-60002) to th e system controller or moni tor­
ing system. Refer to the 10763A English/ M etric Pu lse Outpu t un it manu al for addit ional
information.

). Displace the measu rement optics in each axis a specific dis tance and verify that the
output counting devices accu mulate the appropriate number of counts for the distance
moved.

k . Replace the fron t panel of the 10740A Coupler.

5.16 10781A Pulse Conver ter Elect ronics Checkout

The 10781A Pulse Converter Elect ron ics provide a simple means of interfacing the system
optics to a customer supplied counting system. The checkout depends on how the pulse con­
verter is used , Therefo re determi ne yo ur system requirements and reference the 10781A Pulse
Converter until manual to determine how to checkout system operation.

Operation of this system results in UpIDown or A-Quad-B signals (which represent move­
ment of the optical devices) being generated from the 10781A Pulse Converter. Checkout con­
sists of verifying the presence of these signals and verifying that an error ind icat ion occurs
(front -panel ind icator lights) when th e laser beam is blocked .

5-33



5-34

5.17 PREVENTIVE MAINTENANCE

The Laser Transducer System electronics require no preventive maintenance. However, the
system optics, the laser head lens, and the receiver lens do require periodic cleaning. The fre­
quency of this cleaning is dependent on the cleanliness of the ambient environment.

5.18 Cleaning of Optical Components

Use a soft camel-hair lens brush to remove dust from the optic windows. (A good camera lens
brush with a rubber bulb blower is recommended.) Dampen a few optical lens cleaning tissues
with optical grade ethyl alcohol, shake off excess alcohol, and wipe across window once. Use
fresh tissue dampened with alcohol for each wipe. Allow alcohol to dry naturally.

NOTE

DO use only camera or better grade lens tissue.

DO NOT use any of the various impregnated eyeglass tissues.

DO NOT use harsh solvents such as acetone or MEK for cleaning.

DO NOT use excessive amounts of alcohol.

DO NOT wipe window if there is any abrasive dust or grit on it.
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section

Troubleshooting

6.1 INTRODUCTION

This section provides system troubleshooting procedures that will locate a problem to the unit
or circuit card level. The procedures determine as quickly as possible whether the trouble lies
in the system unit hardware or the system controller. System controller troubleshooting, in­
cluding all software and standard peripherals is contained in separate manuals (refer to Fig­
ure 1-2, Manuals Supplied with Laser Transducer System).

The troubleshooting information is divided into the following categories:

a. General troubleshooting information. You should use this information when trouble­
shooting a system that fails after it has been installed and operating. If for any reason
you cannot quickly [ocate the problem, the detailed troubleshooting procedures will
prove helpful,

b. Detailed troubleshooting procedures. You should use these procedures when you are
installing your system and cannot obtain the results called out in the installation and
checkout procedures. The detailed troubleshooting procedures can also be used if you
are having difficulty in locating a problem in a system that has failed. In the latter case,
it is not necessary to totally disassemble your system. However, be certain as you read
through the installation and checkout procedure that your system meets each of the
required responses (e.g., LED on the 10780A Receiver is lit when so specified).

Whatever method of troubleshooting you are using, be sure you read and understand the in­
formation contained in the following troubleshooting assumptions paragraph.
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6.2 Troubleshooting Assumptions

The troubleshooting procedures make the following assumptions:

a. That the detailed troubleshooting procedures use the installation and checkout proce­
dures in Section V as a basis for the directed troubleshooting. This means that the
further into the installation and checkout procedure you are, the more equipment that
you can assume is operating properly. For example, if you are using a 9825A Calculator
as the system controller and it has passed its own diagnostic test, the subsequent
troubleshooting will assume that it is operating properly. Therefore, if it will not func­
tion with the l0745A HP-IB interface when they are connected together, the initial
replacement will be the l0745A.

b. That all system controls have been double checked to verify that they are in the proper
positions.

c. That all cabling is correctly and firmly connected and that all system cards are cor­
rectly addressed and have the proper jumpers installed.

d. That interconnect wiring will be checked and cabling replaced or repaired as required
if the detailed troubleshooting does not correct the malfunction.

e. That for any repair beyond the circuit board level, the individual unit manuals will be
used.

f. That power is removed prior to replacing any units or circuit boards.

g. That the system optics are clean. Refer to the paragraph on preventive maintenance
in Section V.

h. That all power supplies have been checked for correct output voltages.

I. The final and perhaps most important point to remember about troubleshooting
procedures is that they cannot cover all possible malfunctions or combination of mal­
functions. However, at the very minimum, they will get you to the general area of
the problem. At that point, if you have read and understand the information in the
manuals, you should be able to determine the cause of the malfunction.

CAUTiON

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

6.3 GENERAL TROUBLESHOOTING INFORMATION

If a system has previously been operating, the possible troubles can usually be divided into the
following general areas:

a. Malfunction of the laser head.
b. Malfunction of one of the receivers.
c. Malfunction, misalignment, or improper application of the optical devices.
d. Malfunction of the system controller.
e. Malfunction of the coupler and interface electronics.
f. Malfunction of a power supply.

If the problem can be isolated to one or more of these problems, perform the appropriate
troubleshooting to isolate a trouble to an assembly or device. The information is arranged to
correspond to the general trouble areas listed above. If you cannot isolate the problem, refer
to the detailed troubleshooting procedures for additional information.
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6.4 laser Head Troubleshooting

The laser head has diagnostic indicators and corresponding signal levels availab le on the rear
panel. Most common malfun ctions of the laser head are evidenced by one of the rear-panel
diagnostic ind icato rs being lit, by absence of the REFERENCE SIG NAL, o r by absence of the
lase r beam itself. If the RETUNE FAI LURE ind icato r is lit, press the RETUNE pushbutton.
After approximately 9 seconds, the RETUNE FAI LURE and RETUNE indicators should go out.
If e ither indicator remains o n or if any of the prev iously described symptoms of fa ilure ex ist,
refer to the separate laser head operat ing and service manual for specific troub le isolation
procedures.

6.5 Receiver Troubleshooting

The system receivers supply the measurement signal s (MEAS ) for each measurement axis in
the system. When a suffi cient laser beam sig nal is received , an LED indicator on the receiver
wi ll lig ht and the dc voltage at the external receiver test po int will be between approx imately
0.6 and 1.5V de. Additionally, prese nce of a measu rement signal can be verif ied by observing
a li t LED indicato r on the 10760A Counter card associated with the suspected receiver. The
10760A contains two LED indicators. The ind icator farthest from the front edge of the card,
when lit, sig nifies the presence of a measurement signal. The indicator closest to the front
edge of the card signifies presence o r absence of the refere nce signal from the laser head.

Improperly aligned optical devices can also cause a rece ive r to appea r bad . Check for this by
either placing the receiver directly in the laser be am path from the laser head, or by reflecting
the laser beam onto the receiver's photodetector using o nly a ret roreflector. This isolates all
other op tical dev ices from the system. Most systems contai n more than one axis and, con­
seq uently, more than one receiver. If troub le is suspected with one receiver, excha nge it with
another receiver to verify the suspected malfunction.

If the receiver o r the o ptical devi ces are rotated around the laser beam axis, the receiver LED
ind icator may remain on even if the beam between the interferomete r and re trorefl ector is
blocked. This ca n also occur occasionally with correct o p tical alignment if the measurement
path is very shor t and few o pt ical devices are used in the measurement path. If this situation
occurs, refer to the operating and service manual supplied with the receiver fo r information
regarding the " overload" adj ustment.

6.6 Optical Devices Troubleshooting

Problems with the optical devices usually consist of misal ignment of the devices . Refer to the
alignment procedures in Section II for further information . Air tu rbule nce caused by vent ila­
tion equipment or temperature gradients near the laser beam path can also cause measurement
problems. If this is suspected, shield the area around th e laser beam and optical devices with
card board tubing, plastic sheet, or other suitable material. Some problems with sporadic
counting and drift can be traced to air turb ulence arou nd the measu rement pat h. This should
be considered as a possibility before trou bleshoot ing other parts of the system. Section II
contains extensive information on optical problems and ca n be used as a basis for add itional
optics troub leshooting.

6.7 System Controller Troubleshooting

A wide variety of system controllers can be used with a laser measurement system. Diagnos­
tic programs are available for all of the Hewlett-Packard controll e rs that can be used with
the system.

If a contro ller malfunction is suspected, run the d iagnostic programs to dete rmine if the con­
troller operates properly.

6-3



6-4

6.8 Coupler and Interface Electronics Troubleshooting

Th e followi ng paragraphs describe some of the methods for isolati ng a probl em to a given .
plug-in module . For coupler bus signai li ne information , refer to Table 4-1 and the 10740A
uni t manual.

6. 9 10745A Hp·IB INTERFACE TROUBLESHOOTING. The 10745A interface transfers
instructio ns from a calculato r/ contro ller to the 10740A Co upler backplane bus. The instructions
are examined by each of the modu les plugged into the coupler fo r applicability to a specific
module. These modules function accord ing to the specific instruction and in some cases trans­
fer data back to the contro lle r via the coupler bus and the 10745A interface modu le. If the sys­
tem does no t respond to any instructions and the co ntroller d iagnostics verify proper cont roller
operation, e ither the 10745A modu le is the sou rce of the trouble or another module is p revent­
ing the backplane ha ndshake li nes from operati ng.

The 10745A has two LED indicato rs near the front edge of the circuit board . One signi fi es that
the 10745A has been addressed to ta lk by the HP-I B contro ll er; the other ind icato r signifies
that the 10745A has been add ressed to listen . Check these ind icato rs to verify correct add ress­
ing by the co ntro ller and to verify that the 10745A add ress switches are properly set.

6.10 10746A BINARY INTERFACE. The 10746A interface transfers instructions and data
between the 10740A Coupler backp lane bus and a system contro ller (usually a computer). If
communicatio n between these devices does not take place and the controlle r d iagnostics
veri fy prop er o pe ration of the co ntroller, e ither the 10746A is the source of the problem or an­
other modu le is preventi ng the backp lane ha ndshake lines fro m operating.

The 10746A contains one LED indi cator to signify that the board is in the data mode of oper­
ation. Be su re to observe that power is available .

If the probl em appears to be within the 10746A module, check that the controller applies a
"comma nd" signal to the 10746A prior to replaci ng th e mod ule.

6.11 10755A CO MPE NSATIO N INTER FACE. The 10755A, in respo nse to coupier backplane
bus instructions, transfers veloc ity-of-light compensation data to the coupler backpla ne bus
data li nes. The 10755A converts the BCD compensation data from a 10756A Manual Com­
pensator o r 5510A OPT 010Automat ic Compensa tor to binary data for placement on the coupler
backplane bus. If the compensation number is e rroneous, check the compensator for proper
operation acco rding to the information give n in the separate compensator operating and service
man ual. If compensation data is no t placed o n the co uple r backplane bus upon command, the
10755A modu le is probably the so urce of the tro uble.

6.12 10760A CO UNTER TROUB LESHOOTI NG. The 10760A accepts a reference signal from
the laser head and a measurement signal from the receiver in a given measurement axis. LED
ind icators on the 10760A circu it ca rd light whe n the refe rence and measurem e nt signals are
present. Note, however, that these indicators will light even if the 10760A card is not p lugged
into the 10740A Coup ler. They obtai n operating power from the co nnector on the front edge
of the ci rcuit ca rd .

Afte r verify ing that the proper reference and measurement signals (approximately 2MHz, differ­
ential) are ava ilable at the circuit inputs, yo u ca n assume a malfu nction of the 10760A if it
fails to perform any of its normal operating functions.

Most systems conta in more than one measurement axis and, conseq uent ly, more than one 10760A
Cou nter. If tro uble is suspected with a cou nter card, exchange it with another card in the sys­
tem to verify the suspected malfunction. (Re member to change the address jumper and any
other jumpers that may be set d ifferently. )

,,

,



...

'I
~J

, .... ;

; ;

, "

""r,

I
,"'j
• ...1

•.. 1

.\

f
• _ . J.

,.. .",

I..., ,

:... ' ,
I
i)
i

." '\
'j

'.'

.~. "1"
,

.1

.'.
, .. ...

1,
':.) ,

';i,
i· ,

c.,...!.

>-~':.;;.
, 1

\
•.~.J:

,.... \
: j
.. !· ,
", ..!

i;

1,
'-"

.... "·,,
_1

..
1- ,.,

6.13 10761A BI NARY M ULTIPLIER TROU BLESHOOTING. Th e 10761A accepts data, via the
10740A Coupler backp lane bus, from several sources: 10760A Counter cards, 10755A Com­
pensat ion Interface, and in some applications, from an external controller via th e 10746A
Binary Interface. The purpose of this modu le is to perform the multiplicatio n of measurement
data, velocity-of-Iight compensation factor, and possibly externally entered factors as the
application requires. If these arithmetic operations are not properly pe rformed, the binary
mu ltiplier card is probably the source of trouble . If all axis ex hibit a problem , this card is the
likely source of trouble .

6.14 10762A COMPARATOR TROUBLESHOOTI NG. The 10762A card accepts a measured
position signal and a destination signal (both in binary) and supplies a correction signal in
b inary to a system co ntrolle r. Th e correction data is the d igita l difference between the two
inputs. One 10762A card is used fo r each axis of machine movement. Consequently, after
checking the three LED ind icators for an indicatio n of trouble, cards can be swapped to verify
a problem. (Remember to change th e add ress ju mper and any other jumpers that may be set
differently.)

The three LED ind icators show the presence of +5-vo lt power, that a null situ ation ex is ts
(destination data and syste m location data are equal ), and zero speed (system not moving).
For additional inform ation, refer to th e separate unit manual.

6.15 10763A ENGLISH /METRIC PULSE O UTPUT TROUBLESHOOTI NG. The 10763A co n­
trols the other cards in the 10740A Coupler. It does this by issu ing backplane instructions in a
seque nce that is cont rolled by a ROM o n the 10763A card. These instructio ns cause 10760A
Counter cards and the 10755A Compensation Interface to o utput data to a 10761A Binary Mu lti­
plier card . Subsequent instructions cause the multiplier card to o utput modified measurement
data to the 10763A card. This data is o utputted by th e 10763A card as up/down o r A-quad-B
signals to external eq uipme nt.

Troubles can be isolated by first checking the LED indicators on the card for a malfunction
indication and then exchanging th e suspect card with another system card . The 10763A card
has LED indicators to show the presence of +5-vo lt power; to ind icate which 10763A card is in
control of the system at a given time (during normal multiaxis system operation the co ntrol
LED's on all l0763A cards appear d imly lit); and to ind icate any of fo ur possible system errors.
Refer to the separate unit manual for addi tiona l informatio n.

6.16 10764B FAST PULSE CO NVERTER. The fast pulse co nverter is de signed to accept a
refere nce signal from the 5S01A Laser Head and a measureme nt signa l from one o r two 10780A
Receive rs. The fa st pulse converte r the n outputs up and down p ulses tha t represent the dif­
feren ce in frequen cy between th e reference signal and the measurement signal (s). Resolution
extension facto rs of 1 through 15 are switch se lec table fo r the 10764B. The number of output
pu lses for a given ph ysical d isplacement o f the optical devices will be increase d by the extensio n
facto r se lected . The up and down pulses from the card are applied to coun ti ng ci rcuits (usually
the 10762A Comparator ).

After verifying that the proper reference and measurement signa ls (approximate ly 2MHz,diffe r­
entia l) are available at the circuit inputs, yo u can assume a malfunc tio n of the 10764B if it fa ils to
perform any of its normal o perating funct ions.

6-5
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Table 1-3. HP-IB Interface Electronics

REQUIREMENT CONSIDERATIONS EQUIPMENT

Interface Bus How many axes of measurement? 11110740A Coupler
System IHP-IB) 1 110760A Counterjs]
Compatibility One 10740A Coupler can be used for (Select from one to four per system)

up to four axes. Each axis requires one il) 10745A HP-IB Interface
10760A counter. Select number of (1) 10755A Compensation Interface
10760A's equal to number of axes. Each i ) 10783A Display
system requires only one 10745A Binary (Select one to four per system)
Interface and one 10755A compensa- CABLES - Select one of 3 lengths
tion interface. The 10755A is an interface and one per 10783
only. The compensator must be selected i ) 10631A HP-IB Cable 0.91M i3 ft l
as automatic or manual as shown later. i ) 10631B HP-IB Cabie 1.83M 16 ft )

i ) 10631C HP-IB Cable 3.66M i12 fti

2. Computer Interface Electronics are available to interface the 5501A Laser
Transducer system to virtually any digital processor or controller. Providing
either an HP-IB interface or a digital interface with 32-bit binary information
including displacement, system status, and compensation data, the Computer
Interface Electronics are ideal for position control systems with the most de­
manding response requirements (refer to Table 1-4).
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6.17 10781A Pulse Converter Troubleshooting

The 10781A Pulse Converter accepts the reference and measurement signals from the 5501A
Laser Head and 10780A Receiver, respectively. The 10781A compares the frequency of these
two signals and supplies difference outputs to user-designed equipment in one of two forms­
up/down pulses or phase-related square waves. If the unit does not output these signals when
reference and measurement signals are available at the inputs, the trouble lies within the
10781A circuits. Remember that output signals exist only when the optical devices are in
motion and a difference between reference and measurement signal frequency exists.

The front-panel ERROR indicator illuminates when the allowable rate of movement of the
optical devices is exceeded or when either the reference or measurement signal is not present
at the circuit inputs. Depending upon internal jumper selection, an error condition can disable
output pulses. Errors can be cleared and operation can be resumed by correcting the fault and
pressing the front-panel RESTART pushbutton. for additional information refer to the 10781A
unit manual.

6.18 Power Supply Troubleshooting

Two power supplies are used with most 5501A Laser Transducer Systems - a +15-volt supply
and a +5-volt supply. Both supplies are current limiting and, consequently, the output voltage
drops to near zero volts if the outputs are shorted. If this condition exists, disconnect the
suspect supply and measure the open-circuit output voltage. Use of this method determines
if the supply itself is malfunctioning or if a short in the cabling or elsewhere is causing the
supply to current limit. If the power supply is found to be defective, refer to the separate oper­
ating and service documentation supplied with the power supply. These manuals also contain
procedures for adjustment of the output voltages.

6.19 DETAILED TROUBLESHOOTING PROCEDURES

Each of these troubleshooting procedures parallels the corresponding installation and checkout
procedure in Section V and is subdivided in the same manner. Since the indications during
preliminary procedures and installation and alignment of the laser head, receiver, and optics
are minimal, they are repeated for ech troubleshooting procedure.

If a malfunction is detected during the installation and checkout of the system (or if you are
unable to locate a malfunction in a previously operating system using the general trouble­
shooting information) use one of the following procedures:

a. HP-IB interface electronics troubleshooting (Table 6-1).

b. Computer interface electronics troubleshooting:

1. Counter-based systems troubleshooting (Table 6-2).
2. Comparator-based systems troubleshooting (Table 6-3).

c. English/Metric pulse output electronics troubleshooting (Table 6-4).

d. 10781A Pulse Converter troubleshooting (Table 6-5).

The most effective method of using these procedures is to note in which procedure (preliminary
installation, interface electronics installation, etc.) a problem occurred. Locate the appropriate
troubleshooting table (Tables 6-1 through 6-5) for your system. Locate the section of the table
that pertains to the procedure being performed at the time the trouble was observed. Trouble­
shoot according to the procedure given.
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Table 6-1. HP-IB Interface Electronics System Troubleshooling

PR ELIMINARY PROCEDURE

If the laser head does not emit red light, check that the rear-panel POWER O N light is li t. If it
is not , check for a power li ne short. This can ca use the power supp ly to current li mit and
reduce the voltage outp ut level to near zero volts. Also , check fo r an open circuit in the power
supply wiring. If [he POWER O N light is lit, check the status of the four rear -panel ind icato rs
associated with the + 15-volt sup plies (two UNBAl ind ica tors and two FUSE ind icators). If
power is availab le to the laser head bu t the head does not emit red light, refe r to the separate
manu al for the lase r head for fu rther troubleshoo ting .

If the LED indicator on one of the system re ceive rs does not ligh t, ve rify that the +15 volts is
present at the system cabl e co nnecto r for the re ceiver. If it is not, troubleshoot the powe r
supply and the syste m wiring. If voltage is present at the rece iver connector and the LE D is
no t lit, refer to the separate manual for the receiver for furthe r troubleshooting info rmat ion.

INSTAllATION AND ALIGNMENT OF LASER HEAD, RECEIVER,
AND OPTICS PROCEDURE

If the laser head does not emit red light, check that the re ar-panel POWER O N light is li t. If
it is not, check for a power li ne short. This can cause the power supply to current limit and
reduce the voltage output level to near zero vo lts. Also check for an open circuit in the power
supply wiring. If the PO WER O N light is lit, check the status of the four rear -panel ind icato rs
associated with the +15-volt supplies (two UN BAL indicators and two FUSE indicators). If
power is available to the lase r head but the head does not emit red light, refer to the separate
manual fo r the laser head for further trou bleshoot ing info rmation.

If the LEO indicator o n o ne of the system rece ivers does not light . ve rify that the +15 volts is
present at the system cab le connector for the re ceive r. If it is not, troubleshoot the power
supply and the syste m wiring. If voltage is prese nt at the rece iver connecto r and the LEO is
not lit, check optics and alignment (refe r to Sectio n II ).

ELECTRONIC INSTAllATION PROCEDURE
,

If +5 volts is not prese nt at the 10740A Coupler rear pane' , check power w iring for a short or
open circuit. Also check the out put of the power supply with the cables di sco nnected.

If the refere nce or measurement LED ind icato rs o n the 10760A Cou nte r ca rds do not all light
when power is applied , veri fy presence of reference signal fro m lase r head and measurem ent
signal from each rece iver. If eithe r signal is not prese nt, troubleshoot the laser head or
associated rece iver. If the signals are prese nt, troubleshoot the associated 10760A Cou nter
card. Counter cards can be interchanged at th is po int to ve rify trouble source .

If +5-volt power is no t availab le afte r connecting 10783A Nume ric Displays, check power
wiring and display itself fo r short or open circuits.

6-7
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Table 6-1. HP-IB Interface Electronics System Troubleshooting (Cont'd)

CHECKOUT PROCEDURE

Required Test Equipment

INSTRUMENT TYPE REQUIRED CHARACTERISTICS

Digital Voltmeter Range: -lSV to +lSV
+ .OW de

.Logic Probe TIL Level

Oscilloscope Ability to display signals
between de and 20M Hz.

Individual Circuit Card
Operating & Service Manuals

load the example program for the typical HP-IB Interface from Section IV (Programming) into the
system controller. If the problem disappears, check user's software. If problem remains, continue.

MUlTI-AXIS

1. If same problem exists on all axes, check the following possible error sources:

a) Check temperature in coupler environment:

COUPLER TEMPERATURE SYMPTOMS ACTION

0° to 55°C None-electronics None
should operate as
described.

Out of range Counters may jump Ventilate
count erratically. enclosure

b) Check voltage on each circuit card in the coupler;

LOCATION VOLTAGE

+SV Front-edge At least +SV + .OW
Test point on each card

,



Table 6-1. HP-IB Interface Electronics System Troubleshooting (Cont'd)

,

c) 10745 HP-IB Interface

", \
, }

,

.
,

. i

T••y

SYM PTOM P05S1 BL E PRO BLEM ACTION

Neither the ta lk 1, 10745 HP-IB Set the switches on
nor listen LED address in- 10745 to correct
lights on the correct. address.
interface card
when card is ad- 2. Controller Run controller diag-
dressed to ta lk malfunction nostic (if possible)
or listen.

3. User software Check for proper
command sequence
(example program,
Section IV ).

4, 10745 Mal- Replace or trouble-
function shoot 10745.

5. Interface Replace or Trouble-
Cable Mal- shoot cable
function

•,

....
,-,-:.:

I d) 10783A Numeric Disp.

,
\:,.
i:

....'. ',.
1,
;:,
•

"',; :
!:

~:,:'

SYMPTOM POSSI8LE PRO BLEM ACTI O N

Displacement in- 1. 10783A HP-IB Set switches on
formation not address in- back of 107B3A
bei ng displayed correct. to correct address.

2. 10783A not Connect 107B3A
receiving to +5V on back
power. of coupler. Turn on

10783A.

3, 10783A mal- Troubleshoot
function. 10783A,

"

"j,
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::.
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.....
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Table 6-1. HP-IB Interface Electronics System Troubleshooting (Cont'd)

e) Check I/O cabling from controller to coupler.

f) If the reference or measurement LED indicators on the 10760A counter cards do not all light
when power is applied:

ACTION LOCATION RESULT SUBSEQUENT ACTION

Verify pres- 10760A front- Signal If LED is extin-
ence of ref- edge present guished, trouble-
ere nee and shoot 10760A.
measurement
signals with Measurement: Signal Troubleshoot
oscilloscope signal absent receiver or

(pins 18, 20) cabling.

These sig- Reference: Signal If LED is extin-
nals are Signal present gulshed. trouble-
square waves. (pins 22, 24) shoot 10760A.

Signal Troubleshoot laser
absent head or cabling.

If multi-axis system, 10760A counter cards can be interchanged to isolate problem. (Remember to
change card address.)

PROBLEM EXISTS BUT NOT ON ALL AXES

2. If the system is multi-axis but the problem is not present on all axes, substitute known good
components to isolate the problem system component. The following may also apply:

a) Check voltage on each coupler card:

LOCATION VOLTAGE

+5V Front-edge At least +5V + .01V on
test point. each card.

(

e
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Table 6-1. HP-IB Interlace Eleeuonics System Troubleshooting (Cont'd)

b) Intermi tten t measurement si gnal on one o r more measurement axes may indicate :

CA USE CHECK ACTIO N

1. Misalignment of Reduce beam size by If optics are mls-
opt ical compo- rotating to small aligned and beams
nents. aperature o n laser do not overlap,

head. Place al ign- refer to Secti o n 1I
ment target on for ali gnment pro-
receiver lens. Move cedure.
o ptics along enti re
measurement path
and verify both re-
turn beams overlap
on the target along
the entire length
of movement.

2. M isadjustment Monitor 10780A test Refer to 107BOA
of 107BOA poin t o n back of manual for

• • receiver , vo ltage adjustment pro-receiver gam
should lie in range cedure.
0.5- 1.0 Vdc. If
vol tage >1.1V,
receiver could be
saturated. If volt -
age <O.2V, gain may
be too low.

3. l ow power in Use power meter, if Ro tate Interfere-
frequency used available, and meter 90 degrees
for measurement polari zer and check and look for in-

relative power of crease in test
horizontal and point voltage.
vert ical polari-
zat ion.•

4. 107BOA M al- l ook at o utput Troub leshoot
function, cable signal f rom 10780 appropriate
intermittent, and in put o f 10760 component
or 10760A mal-
function.

• U$e lin er power meier i ilt ered lor 6328 Angsl roms (e.g. Uniled Derertor rechnology 440X meter (wi /il ler) ).

6-1 1
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Table 6-1. HP-IB Interface Electronics System Troubleshooting (Cont'd)

DATA ERRORS

Incorrect display or printout results when the measurement optics are displaced a known distance:

SYMPTOM CAUSE ACTION

No movement indicated Coupler interface 1. 1074S: check
on all measurement card not placing HP-IB address
axes, instructions on

coupler backplane. 2. Replace or
troubleshoot
10745, or I/O
from coupler
to controller.

System malfunctions 1. 10760A counter 1. Using logic
in extended reso- fails to re- probe, verify
lution ceive extended 10760A receives

resolution com- extended reso-
(e.g., laser mand or reso- Iutlon command.
readings are 6 or Iution circuitry (U47 (9) on 10760
10 times greater is malfunctioning. should be a TTL
or less than known high if in ex-
measured distance) 2. 10760A resolu- tended resolution)

tion jumpers are
incorrectly set 2. If command not

received, check
proper command
decoder output
on 10760 with
logic probe.

3. Replace inter-
face card.

4. If command re-
celved, verify
10760A is
correctly jum-
pered for desired
resolution.

5. Replace 10760A
card.

No movement 10760A Mal- If possible,
indicated on function substitute
one but not all 10760A from
axes. other axis.
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Table 6-1. HP-IB Interface Electronics System Troubleshooting (Cont?d)

DATA ERRORS (Cont'd)

SYMPTO;",l CAUSE ACTION

Error in displayed 1. Compensation 1. Check output of
reading is less circu it ry compensation cit -
than one part in malfunction cu itry.
100.000 and is evident
on all measuremen t
axes.

Laser system reads M isalignment of the 2. If Componumber
a shorte r d istance optics resulting in correct, check
tha n the known cosine error. fo r cosi ne
movement of the error in opt ical
optics. al ignment (Refer

to Sed ion II , Laser
and Optics).

3. If Componumber
incorrect, re-
place 107S5. If
using 5510, check
BCD inputs to
10755 using logic
probe and ve rify
co rrect Compo
number is being
in put.

Error in displayed 1. 10760A Mal· 1. Troubleshoot
reading that is funct ion. o r repl ace 10760A
less than one
part in 100.000
and is evident on 2. Cosine error 2. A lign optics
a single measure- in optical (5ection II )
ment ax is. alignment

3. 10780A Saturatio n 3. Adjust 10780A
(Refe r to
10780A Man ual)

ERROR DETECTION

4. If an error i ndicati o n does not occur when the laser beam is interrupted in a measurement axis:

a) Check LED indicator on associated 10780A receiver. If it extinguisheswhen beam isinterrup ted ,
proceed to step b . If it remains on when beam is interrupted ,

1. M on itor 10780A test point o n back of receiver. If vol tage is greater than 1.1V de, refer to
10780A man ual to reduce receiver gain.

2. If vo ltage is in l imits. check for incorrect rotation of optics or receiver (refer to Sect io n II ).

3. If problem continues, troubleshoot or rep lace 10780A receiver.

b) If error does no t register o n any measurement axis. ch eck, replace or trou bleshoot system
inte rface card (10745).

c) If error does not register on o ne measu rement axisonly) rep lace or troubleshoot the associated
10760A card.

6-13
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Table 6-2. Binary Controlled Counter Interface Electronics Systems Troubleshooting

PRELIMINARY PROCEDURE

1. If the laser head does not emit red light. check that the rear-panel POWER ON light is lit. If it
is not, check for a power line short. This can cause the power supply to current limit and reduce
the voltage output level to near zero volts. Also check for an open circuit in the power supp ly
wiring. If the POWER ON light is lit, check the status of the four rear-panel indicators associ­
ated with the +15-volt supplies (two UNBAL indicators and two FUSE indicators), If power is
available to the laser head but the head does not emit red light, refer to the separate manual
for the laser head for further troubleshooting information.

2. If the LED indicator on one of the system receivers does not light, verify that the +15 volts is
present at the system cable connector for the receiver. If it is not, troubleshoot the power
supply and the system wiring. If voltage is present at the receiver connector and the LED is
not lit, refer to the separate manual for the receiver for further troubleshooting information.

INSTAllATION AND ALIGNMENT Of LASER HEAD, RECEIVER, AND
OPTICS PROCEDURE

1. If the laser head does not emit red light, check that the rear-panel POWER ON light is lit. If it
is not, check for a power line short. This can cause the power supply to current limit and re­
duce the voltage output level to near zero volts. Also check for an open circuit in the power
supply wiring. If the POWER ON light is lit, check the status of the four rear-panel indicators
associated with the : 15-volt supplies (two UNBAL indicators and two FUSE indicators). If
power is available to the laser head but the head does not emit red light, refer to the separate
manual for the laser head for further troubleshooting information.

2. If the LED indicator on one of the system receivers does not light, verify that the +15 volts is
present at the system cable connector for the receiver. If it is not, troubleshoot the power
supply and the system wiring, If voltage is present at the receiver connector and the LED is
not lit, check optics and alignment (refer to Section II).

ElECTRONIC INSTALLATION PROCEDURE

1, If +15 volts is not present at the 10740A Coupler rear panel, check power wiring for a short
or open circuit. Also check the output of the power supply with the cables disconnected.

2, If the reference or measurement LED indicators on the 10760A Counter cards do not all light
when power is applied, verify presence of reference signal from laser head and measurement
signal from each receiver. If either signal is not present, troubleshoot the laser head or associ­
ated receiver. If the signals are present, troubleshoot the associated 10760A Counter card.
Counter cards can be interchanged at this point to verify trouble source.

3. If +5-volt power is not available after connecting 10783A Numeric Displays, check power wiring
and display itself for short or open circuits.
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Table 6-2. Binary Controlled Counter Interface Electronics Systems Troubleshooting (Con( d)

CHECKO UT PROCEDURE

REQ UI RED TEST EQ UIPM ENT

INSTRUMENT TY PE REQUIRED CHARACTERISTICS

Digital Voltm eter Range : - 15V to +15V + .0lV de

logic Probe TTL level

Oscil loscope Ability to d isp lay signals
between de and 20 MHz,

Ind ividual circui t card
operat ing and service manuals

MULTI-AXIS PROBLEM

1. If the same problem exists on all axes, check the following possible error sources:

a) Check user software (refer to Section IV Programming, for example program).

b) Check instruction sequence timing (refer to 10746 manual ).

c) Check temperature in coupler environment.

COUPLER TEM PE RATU RE SYMPTO MS ACTION

0° to 55°C None-electronics None
should operate as
described.

Out of range Counters may jump Ventilate
or count erratically enclosure

d) Check voltage on each coupler card .

lOCATIO N VOlTAGE

+5V Front-edge test point At least +5V + ,01V
on each card.

6-15
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Table 1-4. Computer Interface Electronics

REQUIREMENT CONSIDERATIONS EQUIPMENT

Houses and interconnects all circuit boards for
Coupler Computer Interface Electronics. O ne requi red 10740A Coupler

per measurement system.

Uti lized to provide transfer of commands and
Binary two-way transfer of data between all ci rcuit cards 10746A Binary Interface
Int erface housed in the 10740A Coupler and an external

processor or controller. One required per meas-
urement system.

Counter Basic displacement input for Computer In terface 10760A Coun terElectron ics. One req uired per measu rement axis.

Provides con trol functions for closed loop posi-
Closed loop tion feedback as well as displ acement measure-
Control ment capabi lity. Requires 10746B Binary Inter- 10762A Comparator
Capability face and 10764B Fast Pulse Converter. One

required per measurement axis.

Extended Used in conjunction with 10762A Comparator
Resolution and to provide resolution extension along with 10764B Fast Pulse Converter
High M easure· high speed measurement capability. One 107648
ment velocity Fast Pulse Converter wil l drive two 10762A

Comparators.

Ve locity 01 light Utilized to interface ei ther 10756A Manual Com- 10755A Compensation
Compensation pensator or 5510A Opt 010 Automatic Compen- Interface
Input sator. One required per measu rement system.

M anual Velocity Used in conjunction with 10755A Compensation
or light Interface to provide thu mbwheel input of velocity 10756A Manual Compensator
Compensation of light compensatio n data to t he Interface

Electronics

Automatic Used in conjunction with 10755A Compensation 5510A Automatic
Velocity 01 light Interface to automatically compute and input Compensator O pt. 010
Compensation velocity of light compensation data to the Inter- 10563A Mater ial

face Electronics. Includes interconnect ing Temperature Sensor
cables 4.6m (l S ft.).

Display o f Utilized to provide numeric display of measure-
Measurement ment data. Can be used only in conjunction with 10783A Nume ric Display
Data Hew lett-Packard Interface Bus(HP-IB). Inter-

connecting cable must be selected below.

Interconnect ing The interconnecting cables for the 10783A
Cable fo r 10783A Numeric Display are available in 3 lengths :
Numeric Display 10631A - 1m (3.28 ftl 10631A

10631 8 - 2m (6.56 ft l 10631 8
10631C - 4m (13.12 It) 10631C

1-13
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Table 6-2. Binary Controffed Counter Interface Electronics Systems Troubleshooting (Cant'd)

e) 10746 Binary Interface card.

SYMPTOM POSSIBLE PROBLEM ACTION

Data LED does 1. User software Refer to Section
not light when IV for instruction
controller sends sequence.
command to trans-
fer data 2, I/O cabling Verify proper

connections and no
shorting.

3. Controller mal- Ru n controller
function diagnostic

4, 10746 mal- Replace or trouble-
function shoot 10746,

f Check I/O cabling from controller to coupler.
g) If all the reference or measurement LED indicators on 10760A counter cards do not light

when power is applied:

ACTION LOCATION RESULT SUBSEQUENT ACTION

Verify presence 10760A front- Signal If LED is extin-
of reference edge present guished, trouble-
and measure- shoot 10760A
ment signals
with oscillo- Measurement Signal Troubleshoot
scope. Signals Signal: Pins absent receiver or
are square 18, 20 cabling,
waves

Reference: Signal If LED extinguished,
pins 22, 24 present troubleshoot 10760A

Signal Troubleshoot laser
absent head or cabling,

PR08LEM EXISTS BUT NOT ON ALL AXES

2. If the system is multi-axis but the problem is not present on all axes, substitute known good
components to isolate the problem system component. The following may also apply:

a) Check user software (refer to Section IV for example program),

b] Check voltage on each coupler card,

LOCATION VOlTAGE

+5V Front-edge test point At least +5V ± ,0lV
on each card.
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Ta ble 6-2. Binary Controlled Counrer Interface Electronics Systems Troubleshooting (Cont'd)

c) Intermittent measurement signal on one or more measurement axes may indicate ;

CAUSE C H EC K ACTIO N

1. Misali gnment of Reduce beam size by If optics are
opt ical components rotat ing to small misaligned and

aperature on laser beams do not
head. Place alignment overlap, refer
target on receiver to Section II
lens. Move optics for alignment
along ent ire measure- procedure.
me nt path and veri fy
both return beams over-
la p on the target along
the ent ire length of
movement.

2. M isadjustment of Monitor 10780A test Refer to 10780A
10780A Receiver poi nt on back of man ual for ad-
gain receiver, voltage justment pro -

should lie in range cedu re.
0's- 1.0V dc. If vol t-
age >1.1V, receiver
could be saturated.
If voltage < .02V,
gain may be too low.

3. Low power in Use power meter, if Rotate inter-
frequency used avai lable, and polar. ferometer 90
for measurement izer and check te la- degrees and look

t ive power of horl- for increase in
zontal and vert ical test point volt-
polariza tion.... age.

4. 10760A mal- l ook at output signal Troubleshoot
function, cable from 10760 and input appropriate
intermittent, or to 10760. component.
10760A mal-
function

" Lrre laser power mei er filt ered for 6328 Angstroms
(e.g. United Detector Techn% gy #40X m eter (wll i/rer) )
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Table 6-2. Binary Controlled Counter Interface Efectronics Systems Troubleshooting (Com'd)

DATA ERRORS

3. Incorrect display or printout results when the measurement optics are displaced a known distance:

SYMPTOM CAUSE ACTION

No movement in- Coupler interface 1. Replace or trouble-
dicated on all card not placing shoot 10746, or
measurement axes instructions on I/O from coupler

coupler backplane to controller.

-
System mal- 10760A counter 1. Using logic probe,
functions in ex- fails to receive verify 10760A is re-
tended reso- extended reso- celving extended reso-
lution. (e.g.. lution command or lution command (U47 (9 )
laser readings resolution cir- on 10760 should be a
are6orl0 cuitry is mal- TTL high if in extended
times greater functioning, Can resolution).
or less than also be software
known measured error. 2. If command not
distance) received, check proper

command decoder output
on 10760 with logic
probe,

3. Replace interface
card.

4. If command received
verify 10760A is cor-
rectly jumpered for
desired resolution.

5_ Replace 10760A
card.

Correct position 1. Incorrect See Section V for
data is output grounding. grou nd ing considerations.
but in the wrong
format.

(Le. least sig- 2. Incorrect I/O Check I/O cabling.
nificant data cabling.
sent in the first
data word transmitted.

No movement in- 10760A malfunction If possible, sub-
dicated on one stitute 10760A from
but not all axes. other axis.



Table 6-2. Binary Control/ed Counter Interface Electronics Systems Troubleshooting (Cont ~d)

, DATA ERRO RS (Cont'd)

','

SYMPTO M CAUSE ACTION

Erro r in d is- 1. Compensatio n clr- 1. Check output of corn-
played reading, cui t ry mal - pensation circu it by
error is less fu nct ion using program that con-
than one part in tl nu ally outputs the
100,000, and is 2. Software error number. (Refer to
evident on all Sect io n IV,)
measurement axes.

2. If compensation num-
Laser syste m M isa lignment of the ber correct. check for
reads a shorte r optics re sult ing in cosine error in opti-
distance than

,
ca l alignment. (Refercosme error.

the known dis- [Q Section 11. )
p lacement o f the
opt ics. 3. If compensation

number is incorrect ,
replace 10755,
If using S510, check
BCD inputs to 10755
using logic probe and
verify that correct
compensat io n number
is being inpu t.

4. Check so ftware con-
version rout ine.

An error resul ts 1, 10760A Mal fu nction 1. Troubleshoot or
in the d isp la ye d rep lace 10760A,
reading that is
less than one 2. Software error 2. Check so ftware.
part in 100,000
and is evident 3. Cosi ne error in 3. Align optics
on a si ngle me as- opt ical alignment. (Se ct ion If )
urement axis.

4. 10780A saturation. 4, Adjust 10780A (Re fe r
to 10780A manua l)
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4. If an er ror indicati on does not occur when the laser beam is inter rupted in a measurement axis:

a) Check LED indicator on associa ted 10780A receiver. H it ext inguisheswhen beam isi nterrupted,
proceed to step b. If it remains on when beam is interrupted,

1. M onitor 10780A test point on back of receiver. If vo ltage is greater than 1.l V dc, re fer to
10780A manual to reduce receiver gain .

2. If voltage is in limits, check fo r incorrect rota tion of opt ics or receiver (refer to Section II ).

3. If prob lem continues, troub leshoot or replace 10780A receiver.

b) If er ror does not register on any measurement axis, check, replace, or trou b leshoot system
inte rface card (10746),

c) If er ror does not register on on e measurement axiso nly, rep lace or troubleshoot the associa ted
10760A card .

, .".
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Table 6-3. Binary Controlled Comparator-Based Systems Troubleshooting

PRELIMINARY PROCEDURE

1. If the laser head does not emit red light, check that the rear-panel POWER ON light is lit. If it
is not, check for a power line short, This can cause the power supply to current limit and re~

duce the voltage output level to near zero volts. Also, check for an open circuit in the power
supply wiring. If the POWER ON light is lit, check the status of the four rear-panel indicators
associated with the +15-volt supplies (two UNBAL indicators and two FUSE indicators). If
power is available to the laser head but the head does not emit red light, refer to the separate
manual for the laser head for further troubleshooting information,

2. If the LED indicator on one of the system receivers does not light, verify that the +15 volts
is present at the system cable connector for the receiver. If it is not, troubleshoot the power
supply and the system wiring. If voltage is present at the receiver connector and the LED is
not lit, refer to the separate manual for the receiver for further troubleshooting information.

INSTAllATION AND ALIGNMENT Of LASER HEAD, RECEIVER, AND
OPTICS PROCEDURE

1. If the laser head does not emit red light, check that the rear-panel POWER ON light is lit. If it
is not, check for a power line short. This can cause the power supply to current limit and re­
duce the voltage output level to near zero volts. Also check for an open circuit in the power
supply wiring. If the POWER ON light is lit, check the status of the four rear-panel indicators
associated with the : 15-volt supplies (two UNBAL indicators and two FUSE indicators). If
power is available to the laser head but the head does not emit red light, refer to the
separate manual for the laser head for further troubleshooting information.

2. If the LED indicator on one of the system receivers does not light, verify that the +15 volts is
present at the system cable connector for the receiver. If it is not, troubleshoot the power
supply and the system wiring. If voltage is present at the receiver connector and the LED is
not lit, check optics and alignment (refer to Section II).

ElECTRONIC INSTALLATION PROCEDURE

1. If +15 volts is not present at the 10740A Coupler rear panel, check power wiring for a short
or open circuit. Also check the output of the power supply with the cables disconnected.

2. If reference LED does not light on the 10764B Fast Pulse Converter card, check for pres­
ence of reference signal from laser head and, if the signal is present, replace or trouble­
shoot the 10764B card. If measurement LED does not light, check for the measurement
signal from the associated receiver. If the signal is present, replace or troubleshoot the
10764B card. If either signal is not present, troubleshoot the associated unit
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Table 6-2. Bina ry Controlled Counter Interface Electronics Systems Troubleshooting (Co nt'd)

CHECKOUT PROCEDURE

REQUIRED TEST EQUIPME NT

INSTRUM ENT TYPE REQ UIR ED CHARACTERISTICS

Digital Voltmeter Range ; - 15V to +l SV Z ,OW de

Logic Probe TTL Le vel

Oscilloscope Abil ity to d isplay signals between
de and 20 MHz

Ind ivid ual Circuit Card
Operat ing and Service
Manuals

MULTI-AXIS PRO BLEM

1. If same problem ex ists o n all axes, check the fo llowing possible e rro r sources :

a) Check temperature in the coupler envi ronment.

COUPLER TEMPERATURE SYMPTOMS ACTIO N

0° to 40°C None - Electronics None
should operate as
described

Out of range Counters may jump or Ventilate
count erratically enclosure

b) Check vo ltage on each coupler card.

LOCATIO N VO LTAGE

+5V Front-edge test point At least +5V + .01V on
each card.

c) Check user software (Refer to Section IV for example Comparator Program.)

d) Check instruction sequence timing (Refer to 10746 manual.)

e) 10746A Binary In terface Card

SYM PTOM POSSIBLE PROBLEM ACTION

Da ta LED does not 1. User software Refer to Section IV
li ght when con- for i nstruct ion
troller sends co rn- sequence.
mand to transfer
data 2, i/O Cabling Ver ify proper

connections and no
shorting.

In normal operation, 3. Controller Run controller
Data LED is di mly malfunction diagnostic.
lit (I f sampling
continuousl y. ) 4, 10746A Mal- Replace o r Trouble-

functio n. shoot 10746A,

6-2.1
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Table 6--3. Binary Controlled Comparator-Based System Troubleshooling (Cont 'd)

f) If reference or measurement l ED indicators on the 107648 f ast Pulse Converter do not all light
wh en power is applied.

ACTION LOCATIO N ACTI ON

Verify presence of 107648 front edge. Measurement or re f-
measurement and e renee present :
reference si gnals troubleshoot 107648
with oscilloscope Measurement 1 :
(These signals are pins 18, 20 Measureme nt absent :
square waves.) Trou bleshoot res-

Measurement 2 : pect ive receiver and
pi ns 14. 16 cabl ing

Reference : Reference abse nt :
pins 22. 24 troubleshoot laser

head and cabling.

g) If syste m does not move to correct desti nation :

CHECK LOCATION

1. Compatibility of DAC DAC
with output signal from
10762A.

2. Software for proper con- Software
version of data word con-
taining to le rance and
destination.

3. Destinat ion address is being Check output of destination
loaded on 10762A card, register on 10762A card.

Data is in bi nary form and
is negative -true. It can be
checked w ith a TTL leve l
logic probe. (See foll owing
exarnple.)
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Table 6-3. Binary Concrolled Comparator-Based System Troubleshooting (Com'd)

Example : In <I system using met ric un its :
Destination = 2mm
Tolerance = 3 micrometers (.000003 meter)

D ESTINATION AND TOLERANCE N UM BER SENT
TO CO M PARATOR (Binary form) f ROM CALCULATO R

00 10 00 00 00 00 00 00 00 u 00 10 00 00 10 11

N UM BER PR ESENT AT D ESTINATI ON AND TOLERANCE
REGISTER O UTPUT O N 10762A

U68 U61 U62 U63 U64 U65 U66 U67
11 01 1111 11 11 11 11 11 00 11 01 11 11 01 00

I I I I
I I

Tolerance Dest ination
Register Register
Output Output

(See schematic for pin numbers)

Bit: 32 • 0

PROBLEM EXISTS BUT NOT ON ALL AXES

2. If the system is multi -axis but the problem is not present o n all axes, subst itute known good
components to isolate the problem system component. The following may also apply:

a) Check user softwa re. (Refer to Section IV for example pro gram.)

b) Check voltage on each coupler ca rd.

LOCATION VOLTAGE

+5V Front-edge test point At least +5V ± .OW
on each card .

•
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Table 6-3. Binary Controlled Comparator-Based System Troubleshooting (Cont'd)

c) Check indicator LEOs on the 10762A Comparator card.

d) Intermittent measurement signal on one or more measurement axes may indicate:

CAUSE CHECK ACTION

1. Misalignment of Reduce beam size by If optics are
optical components rotating to small misaligned and

aperature on laser beams do not
head. Place align- overlap, refer
ment target on to Section [J
receiver lens, Move for alignment
optics along entire procedure.
measurement path and
verify both retu rn
beams overlap on the
target along the
entire length of
movement.

2. Misadjustment of Monitor 10780A test Refer to 10780A
10780A Receiver point on back of manual for adjust-
Gain receiver) voltage ment procedure.

should lie in range
0.5 - 1.0V de. If
voltage >1.1V,
receiver could be
saturated. If volt-
age <.02V, gain may
be too low.

3. low power in Use power meter, if Rotate interfere-
frequency used available, and meas- meter 90 degrees
for measurement ure relative power and look for in-

of horizontal and crease in test
vertical polarization. * point voltage.

4. 10780A mal- look at output sig- Troubleshoot
function, cable nal from 10780 and appropriate
intermittent, or input of fast pulse component
107648 malfunction converter 107648.

·Use laser power meter filtered for 6328 Angstroms
{e.g., United Detector Technology #40X Meter (w/fi!ter» .
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Table 6-3. Binary Controlled Comparator-Based System Troubleshooting (Com'd)

DATA ER RORS

3. If the problem appears to be data related, check the follow ing for the source of error :

SYMPTOM CAU SE ACTIO N

No movement ind icated 10746A malfunction : Replace or
on all measurement coupler interface troubleshoot
axes. not placing Insrruc- 10746A, or

tions on backplane. I/O cable.

System will not move 1. 10746A M al- Troubleshoot
to desired location. fun ct ion 10746A

2. Dest inat ion not Check user
being correctly software.
converted in pro-
gram or command
sequence m-
cor rect.

3. 10762A Mal- Tro uble shoot
functi on 10762A-

System malfunctions 10764B M al- 10764B:
in extended reso- funct ion veri fy proper
lution (Jumpers and sw itch se ttings

switches may be on card . Repair
set incorrectly.) if p roblem remains.

Correct position 1. Improper system 1. See Section V
data is ou tput but groundi ng for ground ing
in wron g format (i.e. considerations
least significant -
data being sent in 2. Incorrect 1/ 0 2, Chec k I/O
first word transmi tted ) cab li ng cabling.

DAC output is in- 1. Compensation 1. Write prog ram
correct by a small Circuitry to continuall y
amount on all axes output compen-
of movement 2. Optical mis- sation (Com p )

alignment data.

2. If Comp number
correct, check
for cosine error
in optica l
alignment (refer
to Section II ).

3. If Camp number
incorrect, re-
place 10755, If
usi ng 5510,
check BCD inputs
to 10755 using
logic probe and
verify co rrect
Camp number is
being output.
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3. Engl ish/ M etric Pulse Outpu t Electronics provide a universal interface for
almost all numerical controls for mach ine tools. The English/ M etric Pulse O U1­
put p rovides inch or metr ic value pulses over a wide range of reso lutions (refer
to Table 1-5).

Table 1-5. English/Metric Pulse Output Electronics

REQUIREMENT CONSIDERATIONS EQUIPMENT

English /Metr ic How man y axes of measurement? (1) 10740A Coup ler
Interface ( I 10760A Counren s]
System One 10740A can be used for up to four axes. (Se lect one to four per system)

Each axis requ ires one 10760A counter and (1) 10761A Multiplier
one 10763A Er.glish /Metric output. ( ) 10763A English/Metric

( ) Outputs (Select one to
four per system)

The 107S5A is an Interface only. I ) 10755A Compensation
The Compensator must be selected as either Interface
automatic or manual.

4. The 10781A Pulse Converter is the most basic output device for the Laser Trans­
ducer p rovid ing up- down or quadrature pulses of Al4 value (refer to Table 1-6 ).

Tab le 1-6 . 10781A Pulse Converter Electron ics

REQUtR EMENT CONSIDERATIONS EQUIPMENT

Pulse or Provides output consisti ng a t up /down or
Quadrature phase quadratu re pulses of one-quarter 10781 Pulse Converter
Signal Output wavelength value. One required per mea-

surement axis.

Each of the output options receives the reference signa l from the 5501A LaserTransducer
and the measurement signa l from the 10780A Receiver for each measurement axis.

e. POWER 5UPPLI ES. Table 1-7 lists the available power supplies and current requirem ents.

.." -,
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,. . -
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Table 6-3. Binary Controlled Comparator-Based System Troubleshooting (Cont'd)

DATA ERRORS (Cont'd)

SYMPIOM CAUSE ACTION

Small measurement 1. 10762A MaI- l. Su bstitute
errors occurring on function 10762A from
one positioning axis another axis.

2. Optical misalign- 2. Check for co-
ment sine error

(Refer to
Section II). -

3, Receiver 3. See 10780A
Saturation Manual for

adjustment

Error in displayed 1. Compensation 1. Refer to
reading, error is circuitry "action" for
less than one part DAC errors.
in 100,000, and is 2. Software error
evident on all axes 2. Check soft-

3. Optical ware.
misalignment

Incorrect laser Controller reading 1. Write routine
position feedback status bits as data in software
when system is at for null
null. (Position detection.
data is incorrect by
a large amount.) 2. If position

must be read
at null, clear
error bits
through soft-
ware and then
sample.

Laser System reads Optical misalignment Refer to Section II
a shorter distance resulting in cosine for alignment
than the known dis- error procedure.
placement of the
optics.

4. If an error does not occur when the laser beam is interrupted in a measurement axis:

a) Check LED indicator on associated 10780A Receiver-If it extinguishes when beam is interrupted,
proceed to step b. If it remains on when beam is interrupted,

1. Monitor 10780A test point on back of receiver. If voltage is greater than 1.lV de, refer to
10780A manual to reduce receiver gain.

2. If voltage is in limits, check for incorrect rotation of optics or receiver (refer to Section II).

3. If problem continues, troubleshoot or replace 10780A receiver.

b) If error does not register on any measurement axis, check, replace, or troubleshoot system
interface card (10746A).

c) If error does not register on one measurement axis only, replace or troubleshoot the associated
10746B fast pulse converter and/or 10762A comparator.

d) Check user software for correct error checking routine (refer to Section IV).
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Table 6-4. English/M etric Pulse Output Electronics System Troubleshooting

;
PRELIMINARY PROCEDURE

1.

2.

If the laser head does nor emit red light, check that the rear-panel PO WER ON light is li t. If it
is not , check for a power line short. This can cause the power supply to current IImit and reduce
the vo ltage output level to near zero vo lts. Al so check for an ope n circu it in the power supply
wiring. If the POWER O N light is lit, check the status of the four rea r-panel indicators associ ­
ated with the ±15-volt supplies (two UNBAL indica to rs and two FUSE ind icato rs). If power is
available to the laser head but the head does not emit red ligh t, re fer to the separate manual
for the laser head for fu rthe r tro ubleshooting information.

If the LED indicator on one of the system receivers does not light, veri fy that the +15 volts is
present at the system cable connector fo r the receiver. If it is not, trou bleshoo t the power
supply an d the system wiri ng. If voltage is pr esent at th e receiver con nector and the LED is
not lit, refer to the separate manual for the rece ive r fo r furthe r troubleshooting info rmati on.

,

-.. , .
"
;',' INSTALLATION AND ALIGNMENT O F LASER HEAD, RECEI VER, AND

O PTICS PROCEDURE

,

•

.

,

If the laser head does not emit red light, check that the rear-panel POWER O N light is lit. If it
is not, cheek for a power line sho rt . This can cause the power supply to curre nt limit and re­
duce the voltage output leve l to near zero volts. Also check for an o pen circuit in th e power
supply wiri ng. If the POWER ON light is lit, check the status of the four rear -panel indicato rs
associated with the +15-vo lt su pplies (two UNBAl ind icators and two FUSE indicators). If
pow er is available to the laser head but the head does not emit red ligh t, refe r to the separate
manual fo r the laser head for fur ther troublesh ooting informat ion.

If the LED indicator on on e of the system rece ivers does not light) ve rify that the +15 volts is
present at the system cable co nnecto r fo r the receiver. If it is not, troub leshoot the power
supply and the system wiri ng. If voltage is present at the receive r connector and the LED is
not li t, ch eck optics and alignment (refer to Section II ).

2.

1.

i '.
i .,,

.,' .,
j.
,

-" :~ .
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ElECTRONIC INSTALLATIO N PROCEDURE

2.
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1. If +5 volts is not present at the 10740A Coupler rear panel , check power wiring for a short
or open circuit. Also check the output of the power supply with the cables d isconnected.

If the reference or measure me nt LED indicators on the 10760A Counter cards do not all light
wh en power is appl ied, verify prese nce of reference signal from laser head and measurement
signal from each receiver. If e ithe r signal is no t present. troubleshoot the lase r head , asso­
ciated receiver , or optics (refe r to Section II). If the signals are prese nt , trou bleshoot the
associated 10760A Counter card. Coun ter cards ca n be interchanged at this point to ve rify
trouble source.

3. If the + or -15V de power source suppl ies a small voltage (near zero volts) check for a short
circu it in the 10740A Coupler or on the 10755A Compe nsation Inte rface card .

•
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Table 6-4. English/Metric Pulse Output Electronics System Troubleshooting (Cont'd)

CHECKOUT PROCEDURE

REQUIRED TEST EQUIPMENT

INSTRUMENT TYPE REQUIRED CHARACTERISTICS

Digital Voltmeter Range: -15V to +15V
+ .OW de

logic Probe TTl Level

Oscilloscope Ability to display sig-
rials between de and 20 MHz

Frequency Counter Totalizing Capability
(e.g. HP 5301, 5328)

'IE_Z mini hook"* Used for test purposes
to activate output cir-
cuitry

Test Fixture (Front-edge)** Capable of sending
"Start" pulses

Individual circuit card
operating and service manuals.

*£-z mini test hook

UTest Fixture - To fit on front-edge of 1076JA English/Metric card for testing purposes. (To be constructed by user).

Parts: 48-pin connector (e.g. HP PIN 1251-0335)
Momentary switch, SPDT (e.g. HP PIN 3101-1261)

MOMENTARY
SWiTCH

\

The switch sends a "Start" pulse to activate the electronics and initialize the system,

The switch should be wired so that pins S&V are shorted when the switch is pushed. Pins R&V
should be shorted when switch is at rest.

laser Coupler Cards: The minimum number of circuit cards in the coupler are as follows:

(1) 10763A English/Metric
(1) 10760A General Purpose Counter
(1) 10761A Binary Multiplier
(1) 10755A Compensation Interface
(1) 10756A Manual Compensator
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.Table 6-4. English/Metric Pulse Output Electronics System Troubleshooting (Cont'd )

MULTI-AXIS PRO BLEM

1. If same problem ex ists o n all axes, check the fo llo wing possible e rror sources :

a) System does not work (control LED's on the 10763A's sho uld be dimly lit when system is cycling).

SYM PTOM CAUSE ACTION

Upo n sending 1. "Start" circuitry 1. Check wiring of
" start" p ulse ma lfu nct ion switch to se nd
syste m does not " start" pulse.
sta rt.

M ust send a 2. Co ntro l not passe d 2. Ch eck switch and
start pu lse! between 10763A jumper setti ngs

cards (apparent by on 10763A card.
control LE D lit on (Should cortes-
only II master" card.) pond to table

5-2, Section V. )

3. Large deadpath 3. Check OPC line
will result in lo ng on backp lane
initi alization (see Table 4-1,
cycl e (>20 seco nds). Section IV),
Each 10763A must using TTL logic
initialize its own Probe. This line
axis before it should be cycling
passes co ntro l to high and low.
another 10763A.

4. If OPC is cycl ing
properl y, prob-
lem is pro bably a
defective 10763A.

5. If OPC is not
cycl ing properly,
problem can be a
defective 10760A.

O ve rflow error 10760A co un te rs trying Switch normal/
is flagged after to co un t in wrong reve rse jumper on
movi ng the op- d irectio n (ne gatively) 10760A card.
tics a short
d istance in the
positive d irection.

Laser not pro- 1. Syste m not 1. Discon nect con-
viding feedback starting (se e troller and hook
information to the previous page). up freq. co unter.
controller. (See Table 6-4a, 6-4b )

2. Contr o ller not
(Indi cated by recog nizing output 2. Jumper 10763 for
the co ntro lle r pu lse s from e lec- testing (See
not appearing to tro nlcs. table 6-4c).
receive data from
the laser e lec- 3. look at o ut put
tronlcs.j pulse co unt.

(See test a},
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Table 6-4. English/Metric Pulse Output Electronics System Troubleshooting (Cont-'d)

b) Check system grounding (see Section V).

c) Check temperature in the coupler environment.

COUPLER TEMPERATURE SYMPTOMS ACTION

0° to 55°C None- Electronics None
should work as described.

Out of range Counters may jump Ventilate
or count erratically enclosure

d) Check voltage on each circuit card in the coupler.

LOCATION VOLTAGE

+5V Front-edge test point At least +5V + ,01 V on
each card.

e) If all reference or measurement LED indicators on the 10760A counter cards do not light when
power is applied:

ACTION LOCATION RESULT SUBSEQUENT ACTION

Verify pre- 10760A Front- Signal If LED is extin-
sence of edge present guished. trouble-
reference shoot 10760A.
and measure- Measurement:
ment signals signal Signal Troubleshoot
with oscil- pins lB, 20 absent receiver or
loscope cabling.

These signals Reference: Signal If LED is extin-
are square signal present guished. trouble-
waves. pins 22, 24 shoot 10760A.

Signal Troubleshoot
absent laser head or

cabling.

If multi-axis system, 10760A counter cards can be interchanged to isolate problem. (Remember to
change card address.)

PROBLEM EX ISTS BUT NOT ON ALL AXES

2, If the system is multi-axis but the problem is not present on all axes, substitute known good
components to isolate the problem system component. The following may also apply:

a) Check 10763A switches and jumpers (refer to Section V-, Table 5-2).

b) Check voltage on each coupler card

LOCATION VOLTAGE

+5V front-edge test point At least +5V + .01V on
each card.
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Table 6-4. English/Meeric Pulse Output Electron ics System Troubleshoot ing (Cont 'd)

c) Intermittent measurement signal on one or more measurement axes may indicate :

CAUSE CHECK ACTION

1. Misa lignme nt o f Reduce beam size by ro- If optics are
optical components rati ng 1O small apera- m isaligned and

rure on laser head. beams do not
Place alignment target overlap, refer
o n receiver lens. Move to Sect ion II for
optics along enti re alignment pro-
measurement path and ced ure.

• verify both return
beams overl ap on the
target along the entire
length of movement.

2. Misadjustment Monitor l 0780A test Refer to 10780A
of 10780A re- paint on back of manual for ad-
ceive r gain receiver, voltage justme nt pro-

should lie in ran ge cedure.
0.5 - 1.0V de. If volt-
age >1.1V, receiver
co uld be satu rated.
If voltage <O.2V,
gain may be too low.

3. low power in Use power meter, if Rotate inte rfere -
frequency used available, and polar- meter 90 degrees
for measurement izer and check re la- and look for in-

tive power of hori- crease in test
zonta l and ve rtical point voltage.
polarization .*

4. 10780A mal- l oo k at output sig- Troubleshoot
funct ion, cable nal from 10780 and in- appropriate
in termittent , or put of 10760. co mponent
10760A malfunc-
tion,

" Lrse laser power meter filtered for 6328 Angstroms (e.g. United Detector Technology #40X meier (w/filler )).
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Table 6-4. English/ Me tric Pulse QUlpUl Elecl ronics System Troubleshool ing (Conl'd)

DATA ERRORS

3. Incorrect dis play o r printout resu lts when th e measurement op tics are displaced a known distance :

SYM PTOM CAUSE ACTION

No movement indi- 1. "Start" pu lse See " M ulti-Axis
cated on all axe s not being sent. pro b lem."

2. 10763A jum pered Check Table 5-2
incorrectly

3. Co ntroller not 1. Use totalizing
recognizing out- frequency counter
put pulses from (Tab le 6-4a, 6-4b ).
laser elec-
t-onics. 2. Jumper 10763A's

as per Tables
6-4c, 6-4d .

3. Send "stare '
pu lse to each
10763A and verify
correct number of
output pulses
(Test a).

4. If counts are in-
correct, see Test
b , c, d .

System mal- l. 10760A Co unter 1. Using logic probe
fun cti ons in ex- fa ils to rece ive ve rify 10760A re-
tended resolut ion extended reso- ce ived extended

lu ti on command resolut ion com-
or resolution mand. (U47 (9) on
circu itry is 10760 sho uld be a
malfunctioning. TTL high if in

extended resolution ).

(e.g. laser 2. Resolution jum- 2. If command not
readings are pe r; o n 10760A received, check
6 o r 10 times not correctly proper command
greater or less set. decoder output
than a known o n 10760 with
measured distance) logic probe.

3. If command is re-
ceived, verify
10760A is
correctly [urn-
pered for desired
resolution.

4. Re p lace 10760A.

No movement 1. 10760A Mai- 1, Substitute l O760A
indicated on functi on. f rom other axis.
one but not all
axes. 2. 10763A Ma l- 2. See Test a.

fu ncti on.

("

(,
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Table 6-4. English/ M etric Pulse O utput Eled ronics System Troubleshooting (Cont'd)

DATA ERRORS (Cont'd)

SYM PTOM CAUSE ACTION

Error in displayed Compensation 1, Check o utput of
reading, error is circui t ry mal- compensation
less than one part funct ion circuit ry by per-
in 100,000 and is forming Test b.
evident on all
measurement axes. 2. If compensation

number correct,
Laser System reads M isa lignment of the check fo r cosine
a shorter distance optics resulting in error in optica l
than a known dis- cosine error. al ignment (refer
placement of the to Section IIJ.
optics.

3, If Co mpo num ber
in co rrect, replace
10755. If using
5510, c heck BCD
in p uts to 10755
using logic probe
and verify correct
Compo number is
being input.

4. See Section II
fo r optical
ali gnment pro-
ced ure.

Smal l error 1. 10763A mal- See Test a
one measurement function.
axis (Error is
less than one 2. 10760A mal- Troubleshoot or re-
part in 100,000.) function. place 10760A.

3. Cosine error Align o pt ics (See
in optical align- Sect ion II )
menr (If laser
reads shorter
than known d is-
placeme nt. ) _.

4. 107BOA Satura- Ad just 107BOA
tion IRefe r to 107BOA

Ma nua l.)

ERRO R DETECTION

4. If an error indication does not occur when the laser beam is interrupted in a measurement axis:

a) Check LED indicator on associated 10780A receiver. If it ext inguishes when beam isinterru pted,
proceed to step b . If it remains on when beam is interrupted,

1. Monitor 10780A test point on back of receiver. If voltage is greater than 1.1V de, refer to
10780A manual to reduce receiver gain.

2. If voltage is in lim its. check for incorrect rotation of opt ics or receiver (refer to Section II ).
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Table 6-4. English/M etric Pu lse Output Electronics System Troubleshooting (Co tu'si)

/

3. l f problem continues, troubleshoot or rep lace 10780A receiver.

b) If the error does n ot register on one measurement axis on ly, replace or tro ubleshoot the
associated 10760A card.

c) If the contro lle r does not recognize an error occurring on any axis , verify the erro r ou tput li nes
from the coupler are being mon itored by the controller. The error line is an output from
the 10763A.

FREQ UENCY COUNTER

Tab fe 6-4a : 5300/5301 Control Sett ings (or Coupler Operarion Verification

SET FRONT PANEL CONTROLS A S FOLLOW S:

GATE OPEN
WAVEF O RM -'L
CO UNTER INPUT LIN E CON NECT TO PI N 4 ON

FRO NT- EDGE TEST FIXTURE
GRO UND FROM INPUT BNC CO NN ECT TO PIN 1B O N

FRONT· EDGE TEST FIXTU RE
SAM PLE RATE HO LD

Table 6-4b : 5328 Universal Counter Selt ings

SET FRON T PN-I EL CONTROLS AS FOlLOWS :

./
'.

CONNECT TO PIN 4 O N
FRONT-EDGE TEST FIXTU RE
CONNECT TO PIN 18 O N
FRONT·EDGE TEST FIXTURE
+
DC
1
ADJUST TOWARD + SO TH AT
TH E COUNTER D ISPLAY
STABI LIZES (N O CO UNTING
SHOULD TAK E PLACE IF
LEVEL IS INCREASED.)
SEPSEP/COM A

SLOPE
AC/ DC
AD EN
LEVel A

GRO UND FROM INPUT BNC

FUNCTIO N START A
FREQ . RESO LUTI ON I N 1 M H z, 1
SAMPLE RATE HOlD

(Use channel A input)
COUNTER IN PUT LI NE

......

......

...
'.' .
:'.'

" ,'

:.:,
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. '.'
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.' ..
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Table 6-4. English/ Metr ic Pulse Output Electronics System Troubleshooting (Cont'd)

Table 6-4< : 10763 In it ial Jumper and Switch Sett ings (Single-axi, )

SET CARD AS FO LLO WS:

.- "' ,. I

r

AX IS SELECT
DEADPATH
WEI GHT
AX ES

PULSES
RUNITEST
O UTPUT PULSE RATE
ERR /STOP / GO

INCH

NOR
FIRST
--- ----
O NE AXIS

X
o(All switches down )
1 (All switc hes dow n)
FIRST SWITCH DO WN,
ALL OTHE RS UP
UP/ DOWN
TEST
1.6MHZ
GO

JUMPER IN

JUMPER IN
JUMPER REMO VED

JUMPER REMOVED

" ~:
:...>

,

i
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Table 6-4d : 10763 In it ial Jumper and Switch Sett ings (M ulti-Axis)

CARDS SHO ULD BE SET AS ABOVE WITH
TH E FOLLOWING EXCEPTIONS

X-AX IS Y-AXIS

AXI S SELECT X Y
AX ES: THI S AXIS X Y

NEXT AX IS ALL SWITC HES ALL SWITCHES
UP UP

Switch settings are simila r for more than two axes.

MULTIPLE-AXIS TEST INSTRUCTIO NS

With 10763 cards jumpered correctly, the system can be initialized for te sti ng by se nd ing a "start"
pu lse to the fro nt edge of each 10763 card by physicall y moving the test fixture to each ca rd and
applying the pulse. Each success ive " start" pulse should resul t in the preset number of counts be ing
se nt from the card and detected by th e frequency counte r. _
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Table 1- 7. Power Supplies and Current Requirements

REQUIREMENT CONSIDERATIONS EQU IPMENT

115V Input Two suppli es: one to supply +SV, GOA; (1 ) 10708A Power Supply Accessories
O ne to supply ±15V, 3A. ea. side.
Both supplies include line co rds.

230V Input Two supplies; o ne to supply +SV, GOA; (1 ) 107086 Power Supply Accessories
O ne to supply ±15V, 3A ea. side.
Both supplies include line cords.

If it is desired to use power supplies othe r than those listed above, use the following table to deter­
mine the system current requirements.

CURRENT REQUIREMENTS

VOLTAGE MODULES TO BE POWERED CURRENT NEEDED

5501A Laser Transducer ( ) X 0.6 Amps = Amps
10780A Receiver i ) X 0.1 8 Amps = Amps

+15 VOllS 5510A Opt 010 Automatic Compe nsato r ( j X 0.2 Amps = Amps
107648 Fast Pulse Converter ( ) X 0.03 Amps = Amps

TOTAL FOR +l S VOLTS
Amps

5501A l aser Transducer i i X 0.5 Amps = Amps

-15 Volts
5510A Opt 010 Automatic Compensator ( i X 0.2 Amps = Amps

TOTAL FOR -1 5 VOLTS
Amps

10760A Counter ( i x 1.8 Amps = Amps
10746A Binary Interface ( ) X 1.5 Amps = Amps
10755A Compensation Interface ( i X 0.35 Amps = Amps
10756A Manual Compensator ( i X 0.05 Amps = Amps
10781A Pulse Converter ( ) X 0.6 Amps = Amps
SS10A Opt 01 0 Automatic Compensator ( ) X 1.1 Amps = Amps

+5 Volts 10745A HP·16 Interface ( ) X 2.0 Amps = Amps
10783A Nume ric Display ( ) X 1.2 Amps = Am ps
107648 Fast Pulse Converter ( ) X 6.0 Amps = Amps
10762A Comparator ( ) X 1.9 Amps = Amps
10761A Multiplier ( i X 1.6 Amps = Amps
10763A English/ Metric Output ( i X 1.0 Amps ee Amps

TOTAL FOR +5 VO LTS

Amps

1-15



Table 6-4, English/Me tri c Pulse Output Electron ics System Troubleshooting (Co nt 'd)

TEST A: 10763 O UTPUT CO U NT CHECK

In this test, the deadpath switches shou ld be changed o ne at a time and the output counts compared
with those given in the tab le . A " sta rt " pulse must be sent each ti me a deadpath switch is se t and th e
counte r must be reset before the pulse is sen t.

Check for the following :

• 10763 jumpe red as per table 6-4c

• 000.0 d ialed in 10756 th u m bwh e els

• de ad path switche s numbered as shown :

~~set (UP) I I I I I I I I -I(S 53}

7 8 9 10 11 12 13

.........

'." .

'lese t
o I I I I I I I I -liS54}

01 2 3 4 5 6

•

·
•

'.'

.....

.'
" ","·:': :

' .

.':;:.
:}•. -
:.;.'.·;".

••

:: ,'

:::'-:.
, ',-: '

.;.;. -

::::.'.'. ,
:;::
.:.: -'.

· .

;.'

.'
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Table 6-4e : 10763A Pulse Output Check

DEA DPATH ENGLISH UNITS METRI C UNITS
SWITCH (inch jum pe r re moved )
SET (UP)

(Only
•

Switch
Set ) 1.6MHz outp u t 800kHz o utput 1.6M Hz o u tput 800kHz output

- ' 175 + 10 260 ± 10 440 =10 655 ± 15
0 5280 + 15 10460 + 10 13395 + 20 26536 ± 40
1 10372 + 15 20655 + 15 26350 + 10 52465 ± 40
2 20577 + 15 41 045 + 40 52267 + 20 104280 ± 50
3 40980 + 15 81860 + 50 104090 + 50 207850 ± 70
4 81790 + 20 163455 + 50 207740 + 50 415180 ± 100
5 163340 + 150 326725 + 50 414953 =70 829300 ± 500
6 326360 + 300 653185 + 100 829620 -r- 120

e(all switches down )

A-QUAD-B OUTPUT CO U NT CHECK

Jumper 10763 for A-Quad-B o utp ut pu lses. The num ber of counts detecte d b y the frequency counte r
can then be multip lied by four to obta in the total number of representative A-Q uad-Boutput coun ts.

/,

,



Table 6-4, English/Metric Pulse Output Elearonics System Troubleshooting (Cont 'd)

Example :

With no deadpath swi tches set (all sw itches down), the frequency counter shoul d detect the
fo llow ing counts:

English Units ( Compare with chart above )

j .

1.6 MHz ou tput

44 [176]

BOOkHz output

65 12601

,

(Number in bracke ts represents tota l
equiva lent A~Quad-B counts output
from 10763.)

TEST 8 : 10755 COM PENSATIO N INTERFACE TEST

Equipment needed : logic clip or logic probe
10756 manual compensato r

"

,
1"

Test procedure : Dial in thumbwh eel sett ing on chart
Press update
Tie U2 (11 ) and U2(8) to grou nd, using E-Z mini test hook or equivalen t (to enable

tri-state output buffers)
Compare signal levels with those given on chart (Table 6-4f)
If signal levels do not correspond . check BC D input lines (Table 6-4g)

Ta ble 6-4f : Compensation Interface O utput

,

, " ..

,

.. -;

OUTPUT LINES

U8 U12 U16

THUM BWHEEL pms pms p in S

SWITCH
5ETIING 7 5 3 9 11 13 5 7 3 9 13 11 3 5 9 7

000.0 a 1 1 a 1 1 1 1 a 1 1 1 a a a a
876.5 1 a 0 1 a a a 1 1 a 1 a 1 1 a 1
21 2,1 a 1 1 1 a 1 1 1 1 a 1 1 1 a a 1

;
" "!

. Table 6-4g : Compensation Interface Input

-.".

..J:

INPUT LINES

U17 U13 U9 U5

THUMBWHEEL Pi ns Pins Pins Pins
SWITCH

5ETTINGS 9 10 1 15 9 10 1 15 9 10 1 15 9 10 1 15

000.0 a a a a a a a a a a a a a a a a
876.5 1 a a a a 1 1 1 a 1 1 a a 1 a 1
212.1 a a 1 a a a a 1 a a 1 a a a a 1

•
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Table 6-4. English/ M etric Pulse Output Electronics System Troubleshooting (Cont'd)

TEST C : 10760 GENERAL PURPO SE CO UNTER TEST

Equipment needed: logic clip or logic probe

Test procedure : Jumper 10763 as per Table 6-4c
Send "sta rt" pulse
Compare 10760 counte r output with Table 6-4h

Table 6-4h : 10760 Counter Output Check

10760 Counter Output

U51 U42 U52 U43 U53 U54

10763 FREQUENCY ptns p ins prns pins pins pinS

CARD CO UNTER
JUM PERS O UTPUT 7 6 2 J 7 6 2 3 7 6 2 3 7 6 2 3 7 6 2 3 7 6 2 3

1.6MHz 175 o 0 0 0 o 0 o 0 0 0 00 0 o 0 1 o 0 0 1 0 1 , 0/ '
mc h-c

800KH z 257 o 0 0 0 o 0 0 0 0 0 00 o 0 0 1 , o 0 1 1 0/ 1 0/' 0/'

1.6MHz 437 o 0 0 0 o 0 0 0 o 0 0 0 o 0 0 1 000 1 o 011 011 0/ '
mm<

800KHz 66S o 0 0 0 0 o 0 0 0 0 00 o 0 0 1 , 0 , 0 0 , 0 0

0/1 = constantly changing

TEST D: 10761 BINARY MUlTIPLIER

Equipment needed : logic clip or logic p ro be

Test procedure : Jumper 10763 as pe r Table 6-4c
Send "start" pulse
Compare 10761 output w ith Ta ble 6-4i. Th e num ber in the 10761 b uffers is the b inary
representation of the number that is read on the freque ncy counte r (within.
a + 1 to le rance).

Table 6-4i : 10761 Output Buffer Check

10763
Switches Freq. I.e. ; V6-l U63 V6-l V63 V6-l V63 V6-l U63 V6-l V63 V6-l V6J V65

' nd Counter
Jumpers O utpu t Pin : 2 2 4 4 6 6 10 ' 0 12 12 14 14 6 2 ' 0 4

1.6MHz 17S (174) 0 0 0 0 0 0 0 0 , 0 , 0 , , 1 0
i nch<

800KHz 257 (2561 0 0 0 0 0 0 0 , 0 0 0 0 0 0 0 0

1.6MH z 444 (443) 0 0 0 0 0 0 0 1 1 0 1 1 , 0 , 1
memc-c

800KHz 652 {651) 0 0 0 0 0 O. , 0 , 0 0 0 , 0 , ,
11 deadpatb switch u p ]

lnch-c U .....1Hz 5276 (5275 ) 0 0 0 , 0 , 0 0 , 0 0 , , 0 , ,
0/1 = constantly changing

z
•

r.
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", Table 6-5. 10781A Pulse Converter Troubleshooting
i..

i
PRELIMINARY PROCEDURE

1.

2.

[f the laser head does not emit red light, check that th e rear-panel POWER ON light is lit. If it
is not, check for a power Iine short. This can cause the power su pply to current limit and reduce
the vol tage output level to near zero vo lts. Also check for an open circuit in the power supply
w ir ing. If the POWER ON light is li t , check the status of the four rear-panel indicators associ­
ated with the +15-volt supp lies (two UNBAL indicato rs and two FUSE indicators). If power is
available to the laser head but the head does not em it red ligh t, refer to the separate manual
for the laser head fo r furth er troubleshooting information.

If the LED indicato r on one of the system receivers does not light, verify that the +15 volts is
present at the system cable connector for the receiver. If it is not, troubleshoot the power
supp ly and th e sys tem wiring. If voltage is present at the receiver connector and the LED is
not lit, refer to the separate manual for the recei ver fo r further troubleshooting info rmation.

)

, '

INSTAllATION AND ALIG NMENT OF LAS ER HEAD, RECEIVER, AND
OPTICS PROCEDURE

", "
','

-1.·

(
i,

./
,
!.

, ,'

, ,....

1.

2,

If the laser head does not emi t red light, check tha t the rear-pa nel POWER ON light is lit. If it
is not, check for a power line shor t. This can cause the power supply to current limit and re­
duce the voltage output level to near zero volts. Also check fo r an open circuit in the power
suppl y w iri ng. If the POWER O N light is lit , check the status of the four rear-panel in dicators
associated with the +15-volt supplies (two UNBAl ind icators and two FUSE indicators). If
power is available to the laser head but the head does not emit red ligh t, refer to the separate
manual for the laser head fo r further troubl esh ooting information.

If the LED indicator on one of the system rece ivers does not ligh t, verify that the +15 volts is
present at the system cable connector for the receiver. If it is not, troubleshoot the power
supply and the system wiring. If voltage is present at the receiver connector and the LED is
not lit. check opt ics and alignment (refer to Section II ).

';"

I',:
-«,
'.;.,..'

•• <0

CHECKOUT PROCEDURE

If the up/ down or the A -quad-B pulses are not present at the pulse converter ou tput, fi rst
check for the presence of the reference and measurement signal inputs to the pulse converter.
If th ey are not present, troubleshoot the laser head or receiver respectively. If both signals
are present, replace or trou bl eshoot the pulse converter,

1.

--, ..... . '-.

t:-
i·
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•
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"

i
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1-16

f. SELECT COMPENSATOR. For any of the systems choose either the manual or automatic
Compensator as indicated below.

Table 1-8. Compensators

REQUIREMENT CONSIDERATIONS EQUIPMENT

Manual If measurement is to be made in a controlled (1) 10756A Manual Compensator
Compensator environment the 10756A will allow corrections

of Data to standard operating conditions.

Automatic The Automatic Compensator is required if the (1) 5510A Automatic Compensator
Compensator environment is to change during the measure- (1) Option 010 Cable

rnent. Option 010 is the cable to the 10755A ( ) 10563A Material Temp 5ensors
Compensation Interface. At least one 10563A
Material Temp Sensor must be ordered with
the 5510A and 2 or 3 are optional.
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sec Ion

Laser
and

Optics

2.1 INTRODUCTION

Th is section provides the information necessary to determine the optimum layout of the 5501A
Laser Transducer head. the 10780A Receiver, and the 10700 series O ptics necessary to direct
the laser beam from the laser head to the receiver. It is very important that yo u know and
understand the material in this sectio n prior to mo unting these units. The info rmation is orga­
nized as follows :

a. An overall d iscussion of what constitu tes a basic measureme nt system. This includes
only the optical portion of the Laser Transducer System. For info rmation on the sys­
tem electronics refer to Section III.

b. Measureme nt components. Detailed descriptions of the individual measurement com­
ponents of the Laser Transducer System including dimensio ns, moun ting, and instal­
lation info rmation. Also discussed are the allowable measure ment configurations fo r
the optical components includ ing interferometers, beam benders, and beam splitters.

2-1
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c. Accuracy considerations. Deals with fac tors affecting the ult imate measuring accuracy
of the Laser Transducer System. Centers on the effect of the environment under which
the measurement is made along with techniq ues for compensati ng for these effects.
Specif ic types of measurement e rrors, including the effect of thermal expansion of the
part being measured or cut, are discussed. Con sideration is also given to cosine error
or erro rs due to misalignment.

d. System installatio n. Discussion of how to install the measurement components in
actual measurement ap plications. Consideration of possible combinations to spli t and
direct the laser beam to th e measurement location. Al so discussed is how to rou te the
laser beam to the me asu rement location with emphasis on minimizing possibl e mea­
surement errors. Th is will include the effect of Abbe errors and thermal instabil ities
on the measurement process. Techniques for protecting the beam from disruptions
such as thermal effects, cutt ing fluid , and chips which cou ld interru pt the measure­
ment are also discusse d.

e. Alignment procedure. General rules for the actual alignment of the Laser Transducer
System after it is insta lled o n a machine are d iscussed. Different techniques of align­
ing the components, depending upon the installation and accuracy req ui rements are
also covered . Specific exam ples including a 3-axis measu rement ap plication uti lizing
the linear interferome ter and an X-Y stage application using plane mirror interfero­
meters illustrate fun damenta l techniq ues which can be app lied to most installations .

2.2 OVERVIEW OF LASER AND OPTICS

The Laser Transducer System is a high accuracy, high resolution measuring system and
improper installation or use ca n degrade measu rement accuracy. An understandi ng of the
basic measurement capabilities of the system al ong with the proper considerations of pos­
sible sources of errors prior to installation of the equipme nt will greatly minimize problems
both during installation and d uring o pe ration.

There are a wide va riety of p ossible co nfigu ratio ns for the laser and optics, but all mult iaxis
configu rations have four basic parts in common:

a. A two-frequency laser source (S501A Laser Transducer).
b. A set of splitting and bending optics (10700 series).
c. A set of measurement optics (10700 series).
d. A set of receivers (10780A Receiver).

In addit ion , an adjustable moun t (10710A ) is available to facil itate the location and alignment
of the splitting and bending optics and the si ngle beam interferometer. Another adjustable
mou nt (10711A) is available for the li near interferometer and the plane mirror interferometer .

2.3 FUNDAMENTAL MEASUREMENT CONCEPTS

To explain some of the basic measurement principles we will start with a single axis measure­
ment system (Figure 2-1 ). The 5501A Laser Transduce r (l aser head ) is the reference upon
wh ich all measurements are based. Also req uired is some type of interfero meter/retroref lec­
tor combination. This can be the 10702A Li near Interferometer and 10703A Retrorefl ector;
the 10705A Single Beam Interferometer and the 10704A Retroreflecto r; o r the 10706A Plane
Mirror Interferometer and a fla t mirror (user supplied) as the retroreflector. The 10780A
Rece iver is the only other component req uired in the basic measurement system. The 10780A
Rece ive r detects the displacement of either the interferometer or retro reflecto r with respect
to each other and generates a measureme nt signal which is sent to the electro nics . There the
measurement signal is compared to the reference sig nal generated by the 5501A Laser Trans­
ducer. The comparison of the reference and measurement signals is done by the e lectronics in
order to generate displacement information appropriate to the specific appl ication. Refer to
SECTION III for a descript ion of the various system electronics configurations.
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Figure 2-1. Bas ic Measuremenr System

One of the most important concepts which must be understood for successful application of
the Laser Transduce r System is that it measu res only relative position change between the
interferometer and the retroreflector. It does not measure absolute pos ition. In addition, the
only components sensitive to mot ion are the interferometer and the retrorefl ector (Figure 2-2).
If the interferometer and retroreflector are fixed in positio n with respect to each other, there
is no knowledge of the absolute distance between the co mpo nents.

In the measurement of relative position, it does not matter wh ich component moves as long
as one is fixed with respect to the other. If the interfe romete r is fixed and the retroreflector
is the moving compo ne nt (toward or away from the interferometer) only mot ion with respect
to its original position is detected. Conversely, if the retroreflector is fixed the interferometer
can be the moving component.

2- 3
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The measurement system is relatively inse nsitive to all other motions within limi ts which are
covered in greater deta il in followi ng sections. The following brief summary of the diffe ren t
types of motion (see Figure 2-3) is intended only to famil iarize you with their effect on a mea­
sureme nt application:

a. Motio n of the receiver or laser head in a direc tion parallel to the measurement path
(X) has no effect o n the measurement.

b. Motion of the laser head. receiver, interferometer, or retroreflector in a direction
lateral to the measurement path (Y o r Z) has no effect on the measurement. The only
restr iction is that sufficient light re turns to the receiver. In general , the maxim um
allowable lateral displacement is 2.5 mm (0.1 inch ). Addit ional latera l movement will,
normally cause the laser beam to be d isplaced beyond the point where suffi cient light
is returned to the receiver.

Figure 2-3. Allowable Component Motions

c. Angular motion of the laser head abou t the Z and Y axes has two effects:

1. Introduces a measu rement error (cosi ne error) which is d iscussed in the
section on Accu racy Considerations.

2. Can d isplace the laser beam enough so that insufficient light returns to oper­
ate the receiver.

NOTE

Angular motion of the laser head about the X axis is not al­
lowed for reasons described in the sectio n on Measu rement
Components.

d. Angular motion of the receiver about the X, Y, and Z axes has no effect on the mea­
su rement within ce rtain limits (refe r to Measurement Compo nents).

e. Angular motions of the interferometer an d retrorefl ector are dependent o n the partic­
ular components and app lication. Refer to Measurement Compo nents for lim itations.
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2.4 MULTIAXIS MEASUREMENT SYSTEMS

The system is designed to measure up to six independent axes with any comb inatio n of inter­
ferometers and retroreflectors . In general, th e laser measurement concepts discussed above
apply equally to any multiaxis measureme nt system (see Figure 2- 4) .

Figure 2- 4. M ultiaxis Measurement System

The multiaxis system is similar to th e basic measurement system shown in Figure 2- 1 with the
exceptio n that a beam sp litter is introduced in th e lase r beam to provide a seco nd axis of mea­
sureme nt. The X and Y axes are completely independent and generate separate measure­
ment signal s. These X and Y measurement sig nals a re co mpared individually to the reference
signal by th e e lectro nics to provide displacement data fo r measurement or co ntro l appli cations.
Add itio nal beam splitte rs can be int roduced alo ng with co rrespo nd ing interferometers , retro­
refectors, and receivers to provide up to six measurem ent axes.

2.5 MEASUREMENT COMPONENTS

The measurement co mponents comprise that portion of the l aser Transducer System used
to ge nerate, d irect, and detect th e laser beam and consist of th e fo ll owing units:

a. 5501A l aser Transd ucer
b. 10780A Receiver
c. 10702A linear Inte rferomete r (and Option 001 Windows)
d . 10703A Retro reflector
e. 10704A Retroreflector
f. 10705A Single Beam Interferometer
g . 10706A Pl ane Mirror Interfe romete r
h. 10700A 33% Beam Splitter
i. 10701A 50% Beam Spl itte r
j. 10707A Beam Bend er
k. 10710A Adjustable Mount
I. 10711A Adjustabl e Mou nt

2-5



2.6 Degrees 01 Freedom

Figure 2-5. The Six Degrees of Freedom

X-AXIS OF LINEAR
DISPLACEMENT

- ', ',

Prior to covering the individual units a brief discussion of the degrees of freedom that an
object (machine table, X-Y stage, etc.) can experience as it slides along a pair of ways will
clarify some of the terminology (Figure 2-5). As the object moves linearly in the X-axis direction
there are six degrees of motion which will affect
the final position of the object. Besides the posi-
tioning error along the X-axis which relates
directly to the accuracy of the linear scale, the
object can also experience angular rotations
about the X, Y, and Z axes known as roll, yaw,
and pitch, respectively. Pure translational
motions in the Y and Z axes are identified as
vertical and horizontal out-of-straightness move­
ments respectively. In total, there are six degrees
of freedom of motion which will affect the final
position of the object as we command it to move
in the X direction. If one considers a typical 3­
axis positioning system then there are 18 degrees
of freedom (6 degrees of freedom per axis) plus
errors introduced by out-of-squareness between
axes, 21 potential error sources in all, which
combine together to define the final position
achieved.

2.7 General Considerations lor Mounting Optics

When deciding where and how to mount the system's optics, keep the following points in
mind:

a. Vacuum adhesive with low volatility sealant is used to hold the optical components.

b. Additional information including the method of calculating path loss to ensure that
each axis has sufficient beam power is included in Accuracy Considerations.

c. If the laser beam has to go through a window (for example into a vacuum chamber)
the window must meet the following requirements:

1. A minimum window diameter of 25 mm (1 inch) with a minimum thickness
of 8 mm (0.3 inch). larger diameter windows must be proportionally thicker.

2. A figure of transmission of A120 over 23 mm (0.9 inch).

3. Parallelism of faces of +2 minutes.

4. Surface quality 60-40 per Mll-0-13830.

5. But most important, be sure there is no strain in the glass.

2.8 5501A Laser Transducer

This paragraph covers only the laser beam orientation and mounting information for the
laser head. Refer to SECTION III for the electronic theory of operation of the laser head.
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The laser head must be posit ioned so that the beam entering the optical system will be or­
thogonal with the machine axes, This helps to eliminate cosine error, and can be accom­
plished with li ttle difficul ty (refer to cosine error and alignment procedu re), The plane of the
laser moun ting feet must be roughly parallel (+3°) to either the bottom or sides of the optical
component housi ngs (most of which are cube shaped), This guarantees that the polarizing
axes of the interferometers are oriented properly relative to the polarization vectors of the
laser beam (Figure 2- 6),

f igure 2-6. 5501A Laser Transducer M ounting

The laser output has two freq uency components, one polarized ve rtically and one horizontally
relat ive to the plane of the mounting feet. The interfe rometers work on the assumption that
the beam enteri ng them will be pola rized ve rtically and horizonta lly relative to the interfero ­
meters mounting surfaces (Figure 2-7). It does not matter if the polarizations are reversed,
only that one be vert ical and one horizontal.

The laser can always be rotated in 90° increments about the beam axis (ro ll) withou t affecting
the tra nsducer performance , If the laser so urce is deviated in roll, (8) , fro m one of the fo ur
optimum posi tions, the desired signal in the receiver decreases, and an unwanted null signal
starts to ap pear. To hold the effect on signa l-to-noise ratio less tha n 1 dB (normally an accept­
able amount) the laser source must be pos itioned in roll to within ±3° of one of the four opti­
mum positions, At a 8 deviation of 45° the usable sig nal at the receiver goes to zero.

The laser head dissipates 15 watts, Therefore , on small or ve ry accurate mac hines care must
be exercised in choosing a mounting location and a mounting method, Since the laser tunes
itself automat ically and cont inuous ly from the instant it is turn ed on (eve n from a cold start),
it can be turned complete ly off whenever the machine is not being used for a fai rly long
per iod of time. This extends slightly the life of the laser tube but may also introduce thermal
waves in the machine at start-up, depending on how it is mounted , A separate mounting plate
with thermal isolato rs between the plate and the frame of the machine is generally a good ap­
proach, However, th is plate must be ve ry rigid to avoid resonance frequency oscillation
wh ich migh t cause a loss of information from a sudden acceleration or a beam displacement,
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The d isplaceme nt informat ion is not affected by vibrations o f the laser source or the receiver,
but an offset of more than 2.5 mm (0.100 inch) wi ll reduce the amount of l ight reach ing the
receiver and mak e the system more sensitive to other sources of attenuation.
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Figure 2-7. Beam Polarization
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The laser head may be used upside down or on its side but must be fa stened using the 3 feet .
Or, if the fee t are removed , use only the 8- 32 UNC tapped holes under the bases (Figure 2-8).

a. Allow SOmm (2 inches) clea rance around the laser head for easy service .

b. To maintain good poi nting stability it is good practice to use kine matic mounting
principles. For example, a 10 arcsecond drift erro r in the pointing stability of the laser
head causes a beam displacement of over 0.01 inch at the receiver if the cube-corner
is at a distance of 100 feet.

Figure 2- 8. 5501A Laser Tra nsducer D im ensions

13 .5 m'"
7.1 1 mm 1.!13l

10.281
_.

.Lj., ' r- HIS ,' mm , 139.7 mrn_-!
25.4,.,m 2" 11.801 , ~S.Sl ,
11 01 -r- .

I'
13.5 ..,m--l-

r
1.531 . , I• •

! 111.8 """I
DETAIL

~W'
14 .4 )

-- £ 132.1 mm-
~21

135 mm I I ,IJ,-", ,

,,. .'" "':7SS.4 m'" - -
1(2.31 ' ,0 105.2 mmelellran.,.16.5 mm I 10' Clbl. m.~ (6 mml I''''--l35.6 mm 1.65) ..; I

i ! 06.2 mm) ,
-,-~(1.4 ) 15.2 mm ! 325 .0 mm

un ~LJ I I I "'-', 112 .8 ) ,
I 1 .6mm

'-'" -r ' ~j
(.3 dia ""...1

I r1"-' ;'; ! I
,

(7.l11

f • eJ121 mm J , .
127 m'". I ;-_. I \

15.01 00: 0 ..~ 79.3 .,J'.OI

~--l. i I
, j ,

(3.121 II I •
! ' , r ,,..

11.4 mm---,---,-
I 2lj, 4 mm

I, !
" ~ ~ u 1.4M ; 6 4 ' I -+P SI . I I . mm 'iC

44.5 rnm .".."", t-- - 1.25) I F NECESSA RY (1 .01 10.6 mm• 1t,n"".,mmFEET AR E flEMOV;A 1.421
11.75) h i 8·32 LINe l IS Placet)

7a'-mrn I T"II ~ ol.. elf' be uotd I4ii I~e l
'or .......ntm9-13.11 ,

I / ! '-•- -- . 20.3 """~ 43 .2 mm

1IIOTE: L EAV E Olli E INCH CLEARANCE ON • U OI .--- _ lUI

510£$ AN D TOP OF UIIIIT .
, . t I

I
,

THREE INCHES ON FRONT AND i
BACK FOR SERVICE. I i tS2.4 <MI~

S6.9 """

I12,2)
r-- lU I ;I-- 170.2 mm ---J Iltl.7! !

" 360.7 mm ..
(14,2) - ,

•

-:.

.'

;;-
·

..
; :'....

:,'

.' .'

,

··

- -. '

- - , -'.

- - -.' .

2-9

,



2.9 Splitting and Bending Optics (Figure 2-9)

2-10

The splitting and bending o ptics consist of the foll owing units:

a. 10700A 33% Beam Splitter
b. 10701A SO",{, Beam Splitter
c. 10707A Beam Bender

These 25 mm (1 inch) cubes are desig ned to allow a portion of the laser beam of the 5S01A
Laser Transducer to be di rected alo ng each measureme nt axis. Si nce they are to be mounted
with in a machine, they are designed fo r ease and flex ibili ty in mo unting and fo r du rability.

The Model 10700A 33% Beam Splitter deflects about one-th ird of the laser beam intensity at
right angles to the o riginal beam d irection, all owing the remaining two-th irds to conti nue.
The Model 10701A 50% Beam Splitter deflects half of the laser beam at a righ t angle and
passes the remainin g half. Combinations of these two accessories ailow some flex ibility in
directing the desired fra ct ion of beam intensity to each axis of a mult iaxis configuratio n. For
example . using first a 33% and then a 50% Beam Splitter, o ne can direct o ne-third of the laser
beam intensity to each measurement in athree-axis mach ine.

The Model10707A Beam Bender contains a 100% reflectance mirror wh ich turns the direction
of an incoming laser beam at a right ang le. It is mandatory that only right-angle tu rns be used
in routi ng the beam of the 5501A Laser Transducer with in a machine.

Figure 2-9. Splitting and Bending Optics
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2.10 Measurement Optics

Each Laser Transducer axis must have an interfe rometer and a retrorefl ector. Machine desig n
co nside ratio ns determine w hich type of interfe rometer is o ptimum. The choice of the inter­
fe ro meter for each axis usually specifies the retroreflector for that axis.

2.11 1070lA LI NEAR INTERFEROMETER AND 10703A RETRO RE FLECTOR (Figure 2- 10). The
1070lA Li near Interferometer is the lowe st cost unit and is used whenever possible for that
reason . The measure me nt retroreflector for th is interfe ro me ter is the 10703A Retro reflector.
Displace me nt is measured between the interferometer and the cube co rner. Ei ther one or
both can move.

Figure 2-10. 1070lA linear Inrerferome(er and 10703A Reuoreiteaor

Normally , one is mounted on a movi ng part and the o ther is mounted on a fix ed part and the
displacement between the two is measured. A diagram of th is is shown in Figure 2-37. Note
that if th is is a multiaxis installation each axis must be mecha nically independ ent of the
other. In other words, if the V-axis moves, the X-axis must be unaffected , so that the X-axis
retro reflecto r remai ns lined up with the X-axis laser beam.

If the li near interfe romete r must move, the 1070lA, Optio n 001 , must be used . For a detailed
explanatio n of why this o ption is req uired see Figure 2-11.

2.12 LI NEAR INTERFERO M ETER LASER BEAM PATH. The beam exiting from the laser
head is spli t at the su rface of a polarizing beam-sp litter, with one freque ncy refl ected to the
reference cube corner mounted on the housing (Figure 2-12). The othe r freq uency is trans­
mitted to the 10703A Retroreflector and returned paralle l to, but d isplaced from, the outgoi ng
beam. Both frequencies are reflected back along a co mmon axis to the photodetector in the
receiver, with one frequ ency includi ng a Doppler frequency shift wheneve r the 10703A Retro­
reflector (or 1070lA Linear Interferometer) moves.
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If the 10702A linear Inte rfero mete r is placed in a beam which has been alig ned pa rall el
to the motion of travel, the o utgoing beam can be deflected by as much as 20 arc-minutes
(8) d ue to the tncomlng-ou tgoing bea m pa rall el ism specificatio ns o f the 1070lA . This
could cause nor o nly cosine error but also possible lo ss of signa l d uring movement of
the 1070JA Renc retlector .
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To compensate fo r this , the alignment is pe rformed with the 10702A Linear Inte rfe rome ter
in p lace . This a ll ows the lase r beam to be aligned parallel to the mot ion of travel
to minimize cos ine e rro r and maximize signal. Since the incom ing beam is now not parallel
to the mot ion of trave l, the 10702A linear Inte rfe ro mete r must remain stationary. (See be low)
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If the 10702A Li ne ar Inte rferometer is moved d uring the m easu remen t instead of the
10703A Retrorefle cto t. the beam in the meas urement path will rema in pa rallel but will
be disp laced. This d isplacement 0 will occu r at the rece ive r causing a decrease and
eve ntual Joss of signa l depe nd ing o n the distance traveled .
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If motion of the Linear Inte rfe rometer is required , the 10702A O p tio n 001 should be used.
This provides special wedge windows wh ich makes the outgo ing beam paralle l to the
incoming beam , Th is allows mot ion by e ithe r the 10703A Retro re fl ector or the 1070lA
O ptio n 001 linea r Inte rfe romete r.

i
!..

Figure 2-71. 7070lA Linear Interferometer with Option 001 Windows
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FIgure 2-12. Linear In terferometer Laser Beam Path
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2.13 1070SA SINGLE BEAM INTERFEROMETER AND 10704A RETROREFLECTOR (Figure
2-13). A single beam inte rferomete r is so called because the outgoing and returning beam are
superimposed on each other giving the appearance of only one beam traveling between the
interferometer and the retroreflector, This interferometer operates the same as the standard
interferom eter functionally but it is ad vantageous whe n space for optics and beam paths is
at a premi um. The retroreflecto r is again a cube corner but it is considerably smaller than the
standard cube corner and the interferometer is smaller than the standard interferometer.
One significant diffe rence is that the receiver in this case is mou nted at right angles to the
measurement beam and the interferometer cannot be moved. A diagram of th is type of inter­
fe rometer is shown in Figure 2-14 .

..
.

••

Figure 2-13. 1070SA Single Beam Interferometer and 10704A Retroreflector
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2.14 SINGLE BEAM INTERFEROM ETER LASER BEAM PATH . A polarizing beam-sp litter
reflects f , to the refe rence cube corner and transmi ts f , to the 10704A Retroref lector or o ther
su rface whose displacement is being measured (Figure 2-14). The return path is superimposed
on the outgoing path . Since both beams leaving the beam -sp litter pass through a qua rter ­
wave plate the return ing pola rizat ions are rotated through 90 degrees. Th is causes f, to be
transmitted and f,+M to be reflected so that they are directed coaxially to the receiver along
a path perpendicular to the measurement path .
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FIgure 2- 14. Smg/e Beam Incerferometer Laser Beam Path
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2.15 1070GA PLA NE M IRROR INTERFEROMETER (Figure 2-15). The p lane mirror inter­
ferometer has a unique feature in that the retrorefl ector can be a flat mirror and it has a par­
ticular advantage in that interference fri nges can sti ll be detected even if the measurement
beam is not at a perfect r ight angl e to the mirror . It is an advantage to use p lane mirro rs as
retro ref/ectors because (in a two-axis system for examp le) the X retroref lector can be allowed
to move in t he Y direction without affecting the Signal st rengt h or the X measurement. There­
fore both retroreflectors of a two-axis system can be mounted on the sa me moving part. Th is
makes it very easy to eliminate Abbe offset on a two-axis system. If the measur ing point is
defined to be where th e two ax is beams cross , the measu rement is essentially independent of
yaw of the moving stage . Such a design is show n in
Figure 2- 44 . Contrasting th is system to a two-axis
system using standard interferometers, we see that
(if standard interferometers are used) the x -axis
retro ref lecto r must be mou nted on a part of the stage
wh ich m oves only in th e X direction and never in the
Y direction . A lso , the Y-axis retrorefl ector must be
mounted on a d ifferent part of the stage w hich is al­
lowed to move o nly in the Y d irection and never in
the X direction. Therefore, the two-ax is measure­
ments cannot be m ade on the same part of the stage
and there is by necess ity some geometry error in the
system if it is not perfectly r igi d , Another difference
between the plane mirror interferometer and the
previous two types is that wi th a plane mirror inter­
ferometer the measurement bea m travels between
the interferometer and the retroreflector tw ice and
therefore the resolut ion istwice that of the other inter­
ferometers. To be specific, the standard interfero­
meter and single beam interferometer have a reso­
lution of 0.16 micrometre (6 .uinches) without elec­
tronic resolution extension, whereasthe plane mirror
interferometer has a reso lut ion of 0.08 micrometre
(3 .uinches) w itho ut electron ic resolution extension .
All three of these interferometers are used to measure

linear displacement. Figure 2- 15. 10706A Plane M irror Interferometer

,
i

' " ,

\
,

,,
,

~,

,
i
{

,>:

2-14



2.16 PLANE MIRROR INTERFEROMETER LASER BEAM PATH (Figure 2-16). The beam
entering the interferometer is split into f1 and f2J with f2 returning to the receiver after retro­
ref lection by the refe rence cube corn er. A s in the l inear interferometer, f, is transmitted out
to the plane retro refl ector and is reflected back on itself (Figure 2-1 6). The quarter-waveplate
causes the polarization of the retu rn freq uency to be ro tated through 90 degrees so that f ,+df
is reflected out a second time where it is Doppler shifted again. The polarizat ion of f,+2df is
rotated aga in through 90 degrees so it is now transmitted back of the receiver. Resolution
doubli ng is inherent because of the double Doppler shift.

Any t il ting of the plane ref lector relative to the beam axis results only in an offset of the
return , not in a til t , since ti lti ng of the fi rst reflected beam is exactly compensated by the
second ref lection. See Figure 2-23 for plane mirror specificat ions.

A
/ " -, OUA RT ER-W"VE PI,.ANE

PLATE REF LECTOR

'. " " ' I Uol I
"

f1!UJ f, u.f II!W I
" 7

l O706A
PLANE MI RRO R INTERFE ROMETER

Figure 2-16. Plane Mirror Int erferometer Laser Beam Path

2.16.1 10722A PLANE M IRRO R CONVERTER
(Figure 2-16a). The Plane M irror Converter wi th
an additional10703A Retroref lector can be used
to convert an HP 10702 Li near Interferometer to
a 10706A Plane Mi rror Interferometer. This con­
f igurat ion allows the 5501A Laser Measureme nt
system to make measurements of axial displace­
ment of a plane mirror. The stringent angu lar
alignment requirementsimposed by roof prisms
of single-beam arrangements is eliminated .
Due to the two reflecti ons inherent in the Plane
M irror Interferometer, th ere is optical resolu ­
t ion doubling.

Figure 2-16a. 10722A Plane M irror Converter

The 5501A Laser Transducer System can perfor m either sing le or dual ax is plane mirro r measure­
. rnents. The dual axis option is particu larly useful for X-Y stage applica tions. Typical measuring

setups for single axis and dual ax is measurements are shown in Figures 2-16b and 2-34.
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FIgure 2-16b. Smgle AXIs Measurements
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2.17 10710A AND 10711A ADJUSTABLE MO UNTS (Figure 2-17). The 1071 0A and 10711A
Adj ustab le M ounts provide a co nve nient m e ans of mou nting, aligning , a nd secure ly locking
in posit ion the optical accesso rie s to th e SSOl A l aser Transd uce r System. Since both mou nts
allow approximate ly +8° in the tilt adjustmen t an d +4° in the yaw adj ustme nt, the ne ed for
custom fix turing is minimized -on most insta llations. A unique feature of these mounts allows
th e com po ne nt being adjusted to be ro tated abo ut its optical centerline provid ing simp le, time­
saving insta lla tio ns. The 10710A Adjustable Mou nt will acce pt th e 10700A and 10701A Beam
Splitte rs . the 1070SA Single Beam Interfe rom e ter, and the 10707A Beam Bender. The 1071 1A
Adjustab le Mount will accep t the 10702A Lin ear Interferom ete r and the 10706A Plane M irro r
I nterfe rometer. Mo unting screws a re provid e d to attach the optical compo ne nts to the mou nt.

i,
'.

."" '

•,,
·

•

Figure 2- 17. 1071DA and 1D71 1A Adj ustable M ount'
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The thickness of the 10711A mount is such that the beam ce nte rline co rresponds to the lowe r
part of the 10701A or 10706A interfe rometers . To be in line with the ce nte r of the interfero­
meter a space r 6.4 mm (' / , inch) thick has to be added to the lase r head, or to be in line with
the upper part, a 12.7 mm (1/, inch ) spacer is needed . Also remember as the beam goes
thro ugh a beam splitter , the exit beam is sl ightly offset downward (o r to the side if the beam
is bent in the ho rizontal ax is) by 0.8 mm (.03 inch). See Figure 2-18.

Both mounts are made of stainless steel 416. Its magnetic p ropert ies can be helpful at the
d esign stage if magnetic clamps are used . However, in final installation , secure the mount
w ith the provided screws.

2.18 SPECIFICATIONS OF INDIVIDUAL UNITS. The specificatio ns for the ind ivid ual units
are contained in the following figu res:

a. Splitting and Bend ing Optics (10700A, 10701A, and 10707A) Specifications, see Fig -
ure 2- 18.

b. 10702A Li near Inte rfe rome ter Specificat ions, see Figure 2- 19.

c. 10703A Retroreflecto r Specifications, see Figu re 2-20.

d. 1070SA Single Beam Inte rfe rome te r, see Figure 2-21.

e . 10704A Retroreflector Specifications, see Figure 2-22.

f. 10706A Plane Mirror I nte rfe ro me te r Specif ications, see Figur e 2-23.

g. 10710A and 10711A Adjustable Mounts Specificatio ns, see Figu re 2-24.

WEIGHT:
(All Models) 90 grams (3.2 ounces)

DIMENSIONS:
See dimensional d rawings.

19,6 mm
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--
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I
I I ~
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_ . !--_ 19.6 mm
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1- - .. ""
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Figure 2-18. Splitting and Bending O ptics (10700A , 10701A, and 10707A) Specif ications
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WEIGHT:
230 grams (8 ounces)

DIMENSIONS:
See dimensional drawing.

SEAM
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J- - if ~ '-__
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1'--- --I\~ i :V'/I- - -
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• 28.5 mm 1
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(4 SIDES]

I
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J" i " L1$l +- H'f1i1-- - -II -, / !,
I

I
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'L I J
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/ I -,

,
I
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t1.50)

L_q~•
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Figure 2-1 9. 10702A Linear Interferometer Specificatio ns

WEIGHT:
45 grams (1.6 ounces)
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(1.31)
BOt T CIRCLE

f
mm
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mm 28.4
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. • •

(1 .12

...
25mm J ..
( . 1 001~
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J
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Figure 2-20, 1070JA Retroreflecto r Specifica tions
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WEIGHT:
90 grams (3.2 ounces)
DIMENSIONS:

See dimensional drawing .
, - .-

__- # 2- 56 SCREWS (4)

I I

1
r-15.2 mm OIAI (.60 DIAl

r--;....;

39.6 mm
(1.56)

~cc #6-32 UNC (4 PLC'SI THRU
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t I

_ .., 19 .6 mm
(.77 TYPj

25.4 mm
(1.OJ

1
25.4 mm

(1.01 I_==:'JL_ ~

L

Figure 2-21. 1070SA Single Beam Interferometer Specifications

WEIGHT:
23 grams (0.8 ounces)

DIMENSIONS:
See dimensional drawing.

.---
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Figure 2-22. 10704A Retroreilectot Specifications
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WEIGHT:
11 .2 ounces (316 grams)

DIMENSIONS:
See di mensional d rawi ng .

REFLECTOR REQUIREMENTS:
Flatness: Must not deviate from a best-fit

plane by more than 0.1 micrometre
(3 microinches) over any 20 mm (0.8
inch) dimens ion.

Surface Finish: Metal 0.1 - 0.3 microl nch
arithmetic average. Optical 80- 40.

Maximum Angular Misalignment:
Depends on distance between inter­
ferometer and plane mirror. Typical
val ues are:
±25 arc-minutes for 254 mm (10 inches)
±15 arc-min utes for 510 mm (20 inches)
±5 arc-minutes for 1270 mm (50 inches)

Refl ectivity: 80% minimum recommended
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1

38
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NOTe

Plane mirror flat ness will dete rmine syste m accuracy
for X-Y stage. Fo r e xample if X ax is mirro r is out
of fla t by 20 mtcro tocnes 10.5 rnicrcme tre] th is will
cause 20 micrc inch error in Y posit ion.

Figure 2-23. 10706A Plane Mirror Interferom eter Specif ications
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WEIGHT:
35 grams {1.2 ounces)

DIMENSIONS:
See dimensional draw ing . 1, ".
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Figure 2-23a. Plane M irror Converter Specifications

WEIGHT:
Model 10710A: 113 9 (4 oz.)
Model l 0711 A: 198 9 (7 oz.)

DIMENSIONS:
See dimensional drawings.

ADJUSTMENTS:
±.8° Yaw
±.4° T ilt
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Figure 2- 24. 10710A and 10711A Adj ustable M ounts Specif ications
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