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General Info rmation

SECTION 1

GENERAL INFORMATION

MANUAL DESCRIPTION

This manual is intended for system designers concerned with designing and installing the HP 5527A
Laser Position Transducer into precision measuring or posit ioning equipment. Typical applications are
for equipment used in the integrated circuit, di sk drive, and precision machining industries.

MANUAL CONTENTS AND ORGANIZATION

This manual includes information necessary to unpack, prepare, design, and install the equipment
into a variety ci applications. The manual is structured as follows:

SECTION I, GENERAL INFO RMATION. This section explains how to use the manual and
gives the designer a quick overview of the system, its intended use, composition, capabi lities,
limitations, and system performance. Major topics covered are: system description, equip­
ment description, configuration gufdennes, and safety classification.

SECTION ll, HP LASER INTERFEROMfTRY. This section describes the fundamentals of HP
Laser Interferometry including an overview of the HP 5527A Laser Position Transducer, fun ­
damental measurement concepts, measurement components, multi axis measurement sys­
tems, and electron ic components. The intent of this section is to provide the background
necessary to understand information in the subsequent sections.

SECTION til , HP 5507A INPUTS AND O UTPUTS FOR POSITION SENSING/CONTRO L
(HARDWARE) . This section gives an overview of the electronics hardware and describes how
to use the HP 5507A inputs and outputs for position sensing or control. Topics included are
HP-IB, automat ic compensation, axis board, servo-axis board, prototyping kit, cabling,
electronics interface, and how to integrate the laser system into the overall servo loop.

SECTION IV, CO NTRO LLING THE HP 5527A SYSTEM (SO FTWARE). The section covers
how to control the HP 5527A system. Major topics covered include system considerations,
controller interfacing, and program ming.

SECTION V, IM PO RTANT NOTES ON INSTAllATION AND ACCURACY. Th is sect ion
provides the info rmation necessary to correctly design the system into an application. Major
topics covered are proper installation of the optical components and accuracy considerations.

SECTION VI, INSTALLATION AND O PTICAL ALIGNMENT. This section covers installation
procedures for the electronics, laser head, receiver and optics. Also covered are the align­
ment procedures for the different measurement optics.

SECTION VII, SYSTEM THEO RY AND TROUBlESH<XHlNG. Explains the system theory as a
background to system troubleshooting. The troubleshooting is designed to isolate trouble to
either HP equipment of other system equ ipment. The troubleshooting can also determine
which HP module is faulty.

SECTION VIII, SPECIFICATIONS. This section contains the detailed specifications for the sys­
tem and the ind ividual components.

•
How To Locate Information

Three methods are used to assist in locating information: a table of contents, a tab system that divides
the manual into sections, and an alphabetical index of subjects.
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The table of contents is located in front of section I and lists all first, second, and third paragraph
headings, all tables, and all figures used throughout the manual.

The tab system divides the contents of the manual Into sections. In addition, a table of contents for
the section is included on the back of each ta b divider.

The index is located at the back of t he manual and includes both alphabetical listings of subjects and
numerical listings of product model numbers.

SYSTEM DESCRIPTION

The HP 5527A Laser Position Transd ucer (Figure 1·1) is a linear displacement measuring device that
provides laser interferometer accuracy to builders and users of precision position ing equipment
Designers can select from a variety of optics and electronics using only those components which solve
specific measurement or control problems. With a Single laser head, up to six axes of motion and one
Wavelength Tracking Compensator axis may be monitored simultaneously. This fleXibility benefits
both end users and original equipment manufacturers (O EM's).

The HP 5527A system consists of a two-frequency laser source, measurement optics, and electronics.
Before the laser beam is emitted from the laser head, a portion of it is sampled to determine the d if­
ference in frequency between the two optical components. This difference frequency is called the
Reference Frequency. The beam emitted from the laser head is directed through a con figuration of
optics and then to a receiver. The receiver prov ides a Measurement Frequency, which when com­
pared to the Reference Frequency from the laser head, yields displacement information. In systems
equipped with Wavelength Tracking Compensation, the above comparison yields wavelength infor­
mation which is used to update the system compensation number. Three laser sources are available:
the HP 5517A, HP 5517B, and HP 5518A Laser Heads. The HP 552 7 system uses the HP 107XX
series of optics. The electronics are the HP l09XX series of boards and are housed in the HP 5507A
laser Position Transducer Electronics chassis. These boards are also available as HP 5507A options.

WIDESPREAD APPLICATIONS

All machines requi ring an accurate positioning feedback system are candidates for the HP 5527A
l aser Position Transducer. Typical appli cations are:

a. Integrated circuit manufacturers (wafer steppers, projection aligners, electron beam machines,
X-ray machines, and rencule/mask inspection equipment).

b. Disk manufacturing (magnetic and optical servo track writers, media checkers, and head
positioning testers).

c. Precision machining (coordinate measuring machines).

d . R&D applications (research tools where high precision position measurements are required).

HIGH PRECISION MEASUREMENTS

The wavelength of light from the laser head serves as the length standard for the HP 5527A transducer
system. Using the HP 5517A Of 5518A, the wavelength accuracy (in a vacuum) is 0.1 parts per million
(he l 0']) or 0.1 micrometre per metre (0.1 microinch per lnchj. This accuracy remains in cali bration in­
definitely. For non-vacuum applications, the wavelength accuracy depends on how accurately the en­
vironmenta l parameters are known. The basic resolution is one quarter wavelength, or O.158 rnicrornetres
(6.23 microinchesl . Using optical and electronic resolution extension, the resolution is increased to 2.5
nanometre (0.1 microinchesl . Nominal optical measurement range for the system is 40 metres (130 feet).
For multiaxis configurations, the sum of up to 6 axes should meet this range specification.

' -2



H P 5527N8
CeneralIntormatton

HARDWARE CO MPATI BILI TY

Except for differences in laser tubes, laser beam d ifference frequencies, and measurement velocity
capabil it ies allowed, the HP 5517C laser Head is identical to the HP 55178 l aser Head. The primary
d ifference between these !MIO l aser Heads is that the frequency difference between the !MIo laser beam
freq uencies of the HP 5517C laser beams is approx imately 2.8 MHz, versu s the 2.1 M Hz difference in
the HP 55178. The larger frequency difference allows measurements tnvolvtng motion to be made at
higher velocities (slew rates). (Veloc ity is an HP 55 27N 8 system M easurement Capability specification.I

The higher difference frequency of an HP 5517C l aser Head does not allow its use w ith HP 552 7A
electronics in making a measurement.

HP 5527B versus HP 5527A

In order to handle the larger frequency difference of the HP 5517C, changes were made in the HP 5527A,
and its M odel Number was changed to HP 5527 8. An HP 55278 can replace an HP 5527A, but the
reverse is no t always true.

For making a measu rement, an HP 55178 (lower frequency) Laser Head can be used w ith an HP 5527A
or an HP 5527 8.

For making a measurement, an HP 5517C (higher frequency) l aser H ead can be used with an HP 55278,
but not w ith an HP 5527A.

TEST, ADJUSTM ENT, AND TRO UBLESHO OTING PRO CEDURES

When an HP 55 178 is used with an HP 55278, installat ion, operation, and ind icat ions for procedures
described in this manual are the same as w ith an HP 5527A.

If an HP 552 78 is not available (for use as a power source tor an HP 55 170, an HP 5527A can be used.
The test, ad justment, and troubleshooting procedures in this manual do not depend on or require a
part icular laser freq uency d ifference. In these procedures, test points, adjustment points, and expected
test results for an H P 5517C are the same as those fo r an HP 55178, except where noted.
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Optics And Electronics To Meel Most Requirements

The HP 5527NB System provides five optical techniques (or making linear meaStJrements:

a) The HP 10702A linear interferometer for standard configurations.

b) The HP 10705A Si ngle Beam interferometer for low mass and space-limited applications (a lso
useful for non-contact applications).

d Plane mirror interferometers for monitoring the motion of X-V stages. HP offers 3 plane mirror
interferometers: HP 10706A for non-critical app lications, HP 10706B for high-stability, and
HP 10716A for increased resol ut ion and high-stabil ity.

d) The HP I0715A and HP 10719A Differential interferometers for high-stability, mini mum dead­
path measurements and X-V stages.

el The HP 10721 A, HP 10735A, and HP 10736A Mu lti-Axis interferometers for measuring linear
position and angular info rmation si multaneously (see the l aser and Optics Users' Manual for
details).

The HP 5527A/B System provides three communication options in addition to the srand.lrd HP-/B
interface:

a) Two RS-232C serial interfaces are avai la ble when the HP 10934A A-Quad-B Axis board is
installed . These interfaces support baed rates up to 19.2 kHz.

b) An 8-bit parallel interface is avai lable when the HP 10934A A-Quad-B Axi s board is installed. It
can transfer 2000 bytes per second.

d A t e-btt binary interface is available when the HP 10936AlBServo-Axis board is insta lled. It can
output position data at rates up to 10kHz.

The HP 5507A/B provides {our electronic output options in ilddi fion to fhe position Ollfput capability
included in all systems (environmentalfy compensated position data in mm, inches or fractional­
wavelength counts):

a) The HP 10936A!BServo-Ax is board provides servo outputs for closed-loop system control. Motor
dri ve outputs include ± 10V analog, pulse-width modul ation, or 16-bit digital.

bl The HP 10934A A-Quad-B Ax is board prov ides change in position information as either
A·Quad-B signals or Up/Down pulses. These outputs are useful in (NC/NC machine-tool
applications.

cl The HP 10932AlB Axis board provides positi on-error information (current position minus desired
position) as a 32-bit word. Th is output is useful for custom servo electronics and high data rate
data coll ection. The board also generates an analog velocity signal.

dl The HP 10941A Prototyping Kit provides a platform for integrating custom circuits into the
HP S507A!B. An included cable connects the outputs from the HP 10932AlB Axis board to the
prototyping board. Use the special cable ( 46 5999S to obtain the position error signal from the
HP 10934A A-Quad-B Axis board and the HP 10936AlB Servo-Axis board.

The HP 5527A/B System provides two environmental compensation techniques to mainta in high
accuracy during changing atmospheric conditions:

a) The HP 10751AlB Air Sensor, which measures atmospheric temperature, pressure and humidity,
provides absolute compensati on information.

bl The HP 10717AWavelength Tracker, which optica lly measures any changes in laser wavelength
caused by atmospheric conditions, provides high accuracy differential (relative) compensation
information.
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Key Features of the HP 5507AlB l aser Position Transducer Electronics

The HP 5507IVB offers high performance and reliability, ease-of-use, and specifications which exceed
most requirements for precision control systems. Major fea tures are:
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CLOSED-LO OP SERVO ELECTRO NICS. The Servo-Axis board (HP 10936A1B or HP 5507A1B
Option 036) provides hardware and softwa re to implement a complete closed-loop positioning
system up to the amplifi er and motor. Two servo algori thms are available, plus the capability to
download your own custom algorith m. A key feature is the ability to change various parameters
by computer, and quickly determine the servo response, thus speeding system optimization.

SIMPLE INTERFACE TO CUSTOM SERVO. The Axis Board (HP I0932A!B or HP 5507AlB Option
032) has many features that simplify th e interface to custom servo electronics. Among these are
a data valid line, a variable-width, high- speed, position error word, an adjustable null setting.
and an analog velocity output.

SIM PLE INTERFA CE TO A-QUA D-B SERVO. The A-Quad-B Axis Board (H P 10934A or HP
5507IVB Option 034) has features si milar to the HP I0932A1B and also provides A-Quad-B or
Up/Down pulse output signals for use with CNC/NC machi ne-tool applications.

POSIT/ON INFORMA TJON. English, Metric or fractional-wavelength posit ion information for
distance monitori ng applications is availab le from the Axis Board, the A-Quad-B Axis Board, and
the Servo-Axis Board .

RESOLUTION. The HP 5507A!B gives high resolution measurements of either 2.5, 5, or 10
nanometers (depends on optics).

SLEW RATE. The HP 5507AlB accommodates velocities up to 700 mm/second depending on the
optics and laser head used.

HP-IB CON TROLL ABLE. All configurations of th e HP 5507IVBuse HP-IB to greatly simplify the
task of data transfe r and controlling the electronics.

BINARY IN TERFACE. Systems equipped with the HP 10936IVBcan be controll ed through a high
speed 16-bit binary interface.

SERIAL INTERFACE. Systems equipped with the HP 10934A can be controlled through an
RS-232C seri al interface.

PARALLEL INTERFACE. Systems equipped with the HP I0934A can be controlled through an
addressable 8·bit parallel interface.

INTEGRAL POWER SUPPLIES. The HP 5507N B has a built- in power supply 10 power the laser
Head (H P 551 7NB/C), the 10780C/F Receivers, and the HP 5507NB electronics. Additional
power is availa ble for non-HP servo electronics.

SELF-CONFIGURA TlON. The HP 5507NB performs a self-confi guration during power-up. The
HP-1B Board recognizeswhich compensation and function boards are in place, thusaccommodat­
ing any system configuration.

AUTOMA TIC COMPENSA TlON. The HP 10946B/C receives atmospheric data from the
HP 10751 NB Air Sensor (which yi elds absolute wavelength-of- light information) and/or the
HP 1071 7A Wavelength Tracker (whi ch yi elds relative wavelength-of-light information), and/or
material temperature from HP 10757N B/C Material Temperature Sensors. Usi ng these inputs, the
HP 10946B/C provides a correction fac tor to the controller to compensate fo r changing atmos­
pheric conditions and thermal expansion or contraction of machine or workpiece.

REAR PANEL CONNECTORS. All connedions {Q the HP 5507AlB are through connectors on the
rear panel of the instrument. This simplifies connections to the instrument and improves the
reli abi lity of the connections.

NUM BER OF FUNCTION BOARDS. The HP 5507IVB accommodates up to si x function boards
in add ition to the HP-IB board and the Automatic Compensation board .



•
•

•

•

HP 5527N B
General Information

SELF-TESTING. The HP 5507NB has been designed with extensive system level self-tests.

FAN COOLING. The HP 5507NB package includes I n integral cooli ng fan to he lp minimize
internal temperature rise, th us increasi ng reliability.

EMI COM PLIANCE. The design of the HP 5507N B package keeps EM I problems to a minimum.

UPGRA D f A BILI TY. The HP 5507N B design allows for easy add on or upgrade of new functions.

EXPANDING CAPABILI TI ES

HP is engaged in an ongoi ng development program to increase the ca pabilities of the laser Position
Transduce r system. For the latest information on avallable accessories and options, consu lt your nearest
HP sales office. A list of HP Sales and Service Offices is located at the back of the manual.

EASY INSTALLATION

The laser Posit ion Transd ucer system is specifi cally designed for ease of installation by the OEM or
end-user. It is modula r and si mple in conce pt. O pti cal and electroni c modules are small in size and
ruggedl y constructed (or easy machi ne mounting.

Although the laser sou rce generates some heat, it can be located we ll away from the measurement
area. This isolation prevents distortion of thermally sensitive components. A sma ll beam of light is all
thai connects the laser to the measurement area .

PROVEN RELIABILITY

Many of the com ponents of the HP 5527NB Laser Position Transd uce r are the same rel iable designs
used in previous HP laser systems, wh ich have logged many thousands of instrument hours of
demanding usage.

1-5



H P 55 27N B
General Information

LOW MAINTENANCE REQ UIREMENTS

Since there are no moving parts, th e laser Position Transducer req uires very little maintenance. All
machine-mounted parts are ruggedly designed to ensure long life. The laser head has excellent reliabil ity,
and remains in calibration indefinitely. When used in conjunction with o ne another, the air and material
temperature sensors, and th e HP 109468 require periodic (yearly) calibrat ion. The HP 109468 requires
no calibrat ion w hen its only input is fro m the HP 1071 7A.

The major components of the l aser Posit ion Trnasducer system are easy to replace. When repa irs are
req uired, the modular design of the laser head and the electronics allow s fo r rapid replacement of the
defect ive module, thus min imizing down-t ime.

Worldwide Repair Service

When purchasing a Hewlett-Packard Laser Posit ion Transducer you receive assurance of continued
performance to the published specmctions. To assure prompt respon:.e fo r service assistance, we mainta in
a w orldwide network of HP service centers. You are never fa r from qualified service assistance.

Equipment Description

Laser Heads

The wavelength of light from the laser head is used as the length standard fo r the HP S527A transducer
system. The head generates a coherent collimated light consisting of two orthogonally polarized frequency
components.

HP offers four models of laser heads (H P 5517A, HP 55 17 B/C, and HP 551BA) to fill a variety of
req uirements. The HP 55 17 B/C is a smaller package than the larger HP 5517A o r the HP 5518A. The
H P 5518A is similar to th e HP 5517A except that an internal receiver is Included.

HP 551 1A LASER HEAD

The HP 5517A Laser Head (Figure 1-2) is supplied w ith 3 M ounting Screws, M B x t .25 x 25 mm, HP Part
N umber 051 5-0 79fl . l aser Head Cable HP 10793 N B/C is available as an accessory.

•

::::o'~' ....,.. _'"':- '~ ~.. ........

Figure 1-2. HP 55 17A Laser H ead
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HP 55178!C LASER HEAD

The HP 55 17B!C l aser Head (Figure 1· 3) is supplied with a Test Polarize r (HP Part Number 1000-(616).
Two ca bles are available as accessories: th e HP 10 79 1NB!C Power Supply/Reference Ca ble , which
connects the laser head to the HP 550 1A system electronics, and the HP 10 793NB/C l aser Head Cable,
w hich connects the laser head to the HP 552 7NB syste m electron ics ti.e., HP 5507N B). The HP 5517C,
HP 5517B, and HP 55 17A are similar w ith respect to their laser beam polarizations and curre nt
requireme nts. The HP 55 17C has the highest re fe rence freque ncy of the laser heads, a llowing fastest
measurement velocities (slew rates). The HP 55 17B reference frequency is lower than that of the HP
55 1 7C, but higher tha n that of the HP 55 17A or the HP 55 18A.

........-..- - .... -.--

-
Figure 1-3 , HP 55 178/C Laser Head

HP 5518A. LASER HEAD

The HP 55 18A l aser Head (figure 1-4) is supplied with 2 Mou nting Screws, M8 x 1.25 )( 25mm, HP Part
Num ber 051 5-0 798 and a l eve ling Foot and l ocking Nut, HP Part Numbers 0551 8-20316 and
0 5518-203 17. l aser Head Cable HP 10793NB/C is available as an accessory. The HP 5518A is simi la r
to the HP 551 7A except that an inte rna l rece iver is included .
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Figure '-4.HP 551BA. u ser Head

Electronics

The e lect ronics available include the HP 5507AlB laser Position Transducer Ele ctronics, HP 10932A Axis
Boa rd (Option 032), HP 10936A Servo-Axis Board (O ptio n 036), HP 10780B Rece ive r, HP 10751A/B Air
Sensor, and the HP 10757NB/C Mate ria l Te mperature Sensor.

UP S5 07A/B lASER PO SITION TRANSDUCER ELECTRO NICS

The HP 5507N B laser Position Transducer Electronics (fig;re '-5) consists of a main chassis , power supply.
an HP-IB board , and plug-in slots for up to six funct ion boards plus the HP 10946B Auto matic
Com pensa tion board.

The HP-rB board is the primary data channel between HP 5507A/B functio n boards and a n external
contro lle r. It is designed to meet IEEE-488 , lEEE -728, and IEEE· P75 4 sta ndards fo r ge neral purpose
instrument programming.

Function boards can be factory installed by ordenn g the HP 5507A/B with the desired number of options.

FIgure 1-5. HP 5507A/B Lller Posit ion Transducer f lecl ronics
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HP 10934A A-Qu. d-B Axis Board

The HP 109.l4A A-Quad-B Axis Board (FIgure 1-5al imple ments the laser ax is function along with units
conve rsion and pulse generation on one circui t board for use by a CNC'NC controller. The board monitors
position and outputs any changes as up'down pulses or A-quad -B signals for use by a CNC/NC controller .
The data rate and pulse resolution can be programmed to match most applications. An on-board EEPROM
stores setup information so the system can o perate with out being connected to an external contro l
computer.

To fac ilitate boa rd setup and monitoring. two RS-2]2C seria l ports and an U-bit parallel data channel are
provided in addi tion to the HP 5507's HP- IB interlace. All three of these added inte rfaces have access
to all boards insta lled in the HP 5507NB.

Application information fOI th is board is presented in sections 111 and IV-Eof th is manual.

This board can be o rde red separately to add another axis to a system o r It can be integra ted into an
HP 5507N B at the factory by orde ring the HP 550 7N B with up to six O ption 0345.

o

Il

f 'gure 1-5<1 HP I O<'JJ4A A -Qudd-B Axis Board
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HP t 0932A AXIS BOARD (HP 5507A/8 Option 032)

The HP 10932A Ax is Board (figure 1-6) provides resolution extension and counter/comparator functions
o n one board. It offe rs fast data transfer to external servo loops through a rear panel interface to internal
servo loops through an inte rnal Interface. Interna l servo loops can be implemented by means of the
Prototyping Kit o r a custom-designed board. Add itio nal fea tu res Include fast slew rate, flexible null
detection and clipping format, forced zero for cutting off servo drive, selectable two's com pleme nt/signed
magnitude o utputs, synchronous sampling capabil ity, ana log velocity, automatic destination compensa­
tion, and cloc ked position error o utputs.

Section III of this man ual presents example applications at the axis board.

This board can be orde red sepa rately to add another axis to a system or it can be integrated into an HP
55071\1B at the factory by orde ring the HP 5S07A/B with o ne o r more Option 032 's. Up to five Option
032 's may be ordered for an HP 5S07A/B with compensation; up to six may be o rder for an HP 5507A/B
without compensation.

f igure 1-6. HP 1093 2A Axis Board
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Figure 1-7. HP 10936A Servo-Axis Board

HP 10936A SERVO-AXIS BOARD

The HP 10936A Servo-Axis Board (Figure 1-lI provides the HP SS27N B system w ith flexible, high -per ­
formance, servo- positioning capability. It consists of a circuit card for the HP 5507N B laser Position
Transducer Electron ics that implements the entire servo function (exclud ing power amplifier and motor)
for one axis of motion . The board has a built-in binary interface for high-speed communication with a
system contro ller, and the capabili ty of being linked with up to th ree additional servo-axis boards for
coordinated multiaxis moves. Two servo algorithms are implemented in firmware, and a custom one may
be downloaded. The main output, an amplifier dr ive signal, has several formats (:t l 0 Volt analog,
pulse-Width modulated, and te-blr d igital). All servo parameters are programmable and real-t ime data
can be automatically co llected to optimize servo performance.

Application information is con tained in Section III and IV-F of this manual and in Appl ication Note 325-10,
"Sub-Micron Position ing with the HP 5527A l aser Positioning Transducer System".

This board can be ordered separately to add to a system or can be integrated into an HP 5S07NB at the
factory by o rdering the HP 5S07NB with one or more O ption 036's; up to fou r Option 036 's may be
ordered for an HP 5S07A, up to six may be ordered for an HP 5507B.
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HP 10941A PROTOTYPING KIT

The HP 10<)41A Prototyping Kig (figure 7-8) allows custom circuitry to be designed into the HP 5507NB
Laser Position Transd ucer Electronics. Approximately 219 square centimete rs (34 square inches) of
prototyping area (75"" power-gnddedl is supplied for breadboarding and testing of circuitry in actual use.
The Prototyping Kit includes an extender board, a prototyping board and two cables to interlace with an
axis board. Si nce all designs will use the same interface circuitry for the backplane communica tion, the
interface circuits are factory loaded on the prototyping board. Input and output data are controllable by
the HP 5507NB's HP-IB. The interlace circuits and the PROM code may be copied for mass producing
any added custom circuitry. Cable lengths and part numbers are:

225mm length - HP PI N 10941 -60101
75mm length - HP PI N 10941~60102

................................................
"

•

•
"
"""

""
"
",

"..................
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,
L . _. ~ _ . ",",-,--,-,-,,- , .,

Figure 7-8. HP J094JA Protolypmg Kit
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HP 10946B AUTOMATIC COM PENSATION BOARD (HP 5507A Option 046)

The H P 10946B Automatic Compensation Board (Figure 1-9) interfaces with remote sensors (H P 10751 A/B
Air Sensor and HP 10757A/B/C Materal Temperatu re Sensor) and with the H P 1071 7A Wavelength
Tracker, providing compensation information for air variations and material temperature. It accom­
modates one air sensor, two mater ial temperature sensors, and one HP 10780B Receiver in put from the
Wavelength Track ing Compensator axis. Calibration is fast and accomplished through software. Add it ion ­
ally, it can generate an alert when a significant change in index of refraction occurs o r when the laser
beam to the Wavelength Tracking Compensator axis is interrupted fo r a predetermined length of t ime.

The HP 10946B has two operating modes; Air Sensor and Wavelength Tracker. In the Ai r Sensor mode,
the wavelength-of-l ight information is derived from the HP 1075 1A/B Air Sensor informa tion (air
temperature, pressure, and humidity). In W avelength Tracker mode, wavelength -at-light information is
updated from the HP 1071 7A W avelength Tracker information. Addit ionally, both modes support material
temperature com pensation (H P 10 757A/B!O .

The HP 10946B can also be used for manual compensation. The envi ron mental parameters are entered
and the H P 10946B calculates the compensation info rmation required.

Th is board can be ordered separately to add to a system or can be integrated into an HP 550 7A/B at the
factory by o rdering H P 5507A/B with O ption 0 46.

,

Figure 1-9. HP 109468 Automatic Compensation Board
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HP 107808 RECEIVER

An o pt ica l receiver is req uired for each axis of measurement. (The S518A has a bu ilt -in receiver). The
H P 10780B Receiver (Figure 1 ~10l is a photodetecto r/ preamplifier module which senses the laser
beam return ing from the interfero meter for one axis of measurement. The resultant signal is the
measurement signal. This signal is transmitted to the HP 5507A via the HP 1079ONB/C Receiver
Cables.

Figure 1-10. HP 1078GB Receiver

HP 10751A!B Air Sensor

The HP 10751NB Air Sensor (Figure 1-11) measures ai r pressure, temperature, and has a switch for select­
ing one of three values of ambient humidity (low, mid, or high) . These measurements are sent to the HP
10946B Automatic Compensation Board where they are used to compensate for the dependence of laser
wavelength on the index of refraction of air. The difference between the A and B models is the cable
length; the HP 10751A cable length is 5 metres (16 feet) and the HP 10751B cable is 15 metres (49 feet).

," <'~------~

I ­.. ~... .. ...
:r: _ .- n ' I ...

'0""-'-

Figure 1-11 . HP 10751A/B Air Sensor
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HP 10757A/R'C MATERlAlTEMPERATURE SENSOR

To compensate for dimensional changes of the workpiece or machine te mperature , two items of in­
formation are required: the workpiece (machine) temperature and its thermal coefficient d expan­
sion . One or two HP 10757NBlC Material Temperature Sensors (Figure 1-12) can be used to sense
the temperature. The HP 10946B Automatic Compensation Board receives the workpiece (machine)
coefficient ci expansion via HP-I B. Material temperature and coefficient d expansion are used by the
HP l0946B in computing the total compensation factor used for computenors. The difference in the
A, B, and C models is the cable length. The HP 10 757A cable length is 5 metres (16 feet) , the B
model is 15 metres (49 feet) long. and the C model is 25 metres (82 feet) in length.

Figure 1-12. HP 10757NB/C Malenal Temperature Sensor

Optics

The Measure ment optics fo r th e HP 55 27A are the HP 107XX series of optics consisting of the
fo llowi ng:

•
•
•
•
•
•
•
•
•
•
•
•
•

HP 10567A Dual Beam Beam-Splitte r

HP 10700A 33% Beam Splitter

HP 10701 A 5~ Beam Splitter

HP 10702A Linear Inte rfe romete r (a nd Option 001 Windows)

HP 10703A Retroreflector

HP 10704A Retroreflector

HP 10705A Single Bea m Inte rfe romete r

HP 10706A Plane M irror Interferometer

HP 10707A Beam Bender

HP 1071 5A Differential Interferometer

HP 1071(,A High Resolution Interferometer

HP 1072 2A Plane M irror Converter

HP 1072 4A Plane Mirror Reflector

Each l aser Position Tra nsd uce r axis must have an inte rfe rome te r and a reflector. Mach ine design co n­
siderations de termine which type of interferometer Is o ptimum. The c hoice of the inte rferomete r for
each axis usually specifies the re flecto r for that axis.
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HP 10702A LINEAR INTERFERQMfTER (and Option 001 Windows) AND
HP 1070JA Retroeeflector (Figure 1·13)

The H P 10 702A linear Interferometer, being the Simplest unit, is used w henever possible. The
measurement retrorefleaor for this interferometer is the HP 10703A Retroreflector. Displacement is
measured between the interferometer and the retrorefleaor (cube corner). Either one or both can
move. If the linear interferometer must move, the H P 10702A, Option 001 , must be used.

Figure 1- 73. HP 10702A Linear Interferometer (and Op rion 001 Windows)

HP 10722A PlANE MIRROR CONVERTER (Figure 1·14)

The plane mirror converter is an accessory for the H P 10102A linear Interferometer. With the H P
10722A Plane M irror Converter, and an additional H P 10703A Retrorenector, the HP 10702A linear
Interferometer can be converted to an H P 10706A Plane M irror Interferometer. This configurat ion at­
lows measurements of axial displacement of a plane mirror.

Figure 7-74. HP 70722A Plane Mirror Converter

HP 10705A SINGLE 8EAM INTERFEROMfTER AND HP 10704A RETROREFLECTOR (Figure 7· 75)

In the single beam interferometer the outgoing and returning beam are superimposed on each other
giving the appearance of only one beam traveling between the interferometer and the retroretlector.
Functionally, this interferometer operates the same as a standard one but is more desirable when
space for opt ics and beam paths is limited . The retroreflector is also a cube corner but it is con­
siderably smaller than the HP 10703A When using a Si ngle beam in terferometer, the receiver is
mounted at right angles to the measurement beam and the interferometer cannot be moved .
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Figure 1-15. HP 10705A Single Beam Interferometer and HP 10704A RetroreflectorF

HP 10706A PLANE MIRROR INTERFEROMETER (Figure 1·16)

The plane mi rror interferometer can use a flat mi rror as the reflector and provides resolution doubling
since the measurement beam travels twice between the interferometer and the plane mirror. Both
retroretlectors of a two-axis system can be mounted on the same movrng part. Use of the Plane Mir­
ror Interferometer is ideal for eliminating Abbe Error.

The HP 10706A can be converted to the HP 10706B high stability configuration by retrofitting the A
model with an HP 10723A H igh Stability Adapter. See HP 107068 and HP 10723A descriptions
below. Information for the conversion is contained in Section 6.

Figure 1-16. HP 10706A Plane Mirror Interferometer

HP 107068 HIGH STABILITY PLANE MIRROR INTERFEROMETER

The HP 107068 H igh Stabili ty Plane Mirror Interferometer (Figure 1-17) is an improved version of the
HP 10706A and offers very high thermal stability. It ca n be used in the same applications as the ·A"
version but requires different alignment techn iques. See Section 6 for a alignment procedures.
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-
TUR NED CONFIGURATION STRA IGHT THROUGH CONFIGURATION

Figure 1-17. HP 107068 High Stability plane Mirror Interferometer

HP 10723A HIGH STA81L1TY ADAPTER

The High stability adapter (Figure 1-18) is designed to convert the HP 10106A Plane M irror Inter­
ferometer to the HP 10706B high thermal stability configuration. The conversion consists of replacing
the reference cube co rner on the HP 10706A with the HP 10723A High Stability Adapter. Section 6
contains drawings and instructio ns for the conversion.

Figure 1-18. HP ID723A High Stabili ty Adapter

HP 10716A HIGH RESO LUTION INTERFEROM£TER

The HP 10716A High Resolution Interferometer (Figure 1·19) provides twice the resolution of other
HP plane mirror interferometers and offers very high thermal stability. Measurement drift is typically
1/12 of that exhibited by a conventional plane mirror interferometer. These features result in im­
proved accuracy, repeatability, and positioning capabil ity. The HP 10716A can be used in the same
appl ications as other HP plane mirror interferometers but with different alignment techniques. A
turned configuration (Option 001) is available to turn the beam 90 degrees, thereby eliminating the
need for a beam bender.
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•..

Figure 1-19. HP 1D716A High Resolution Im erferomerer

A matching optic, the HP 10724A, is also available for appl ications which require a plane mirror
reflector for non x-Y applications.

HP 10724A PLANE MIRROR REFLECTOR

For appl ications requiring a plane mirror reflector, the HP 10724A Plane M irror Reflector shown in
Figure 1·20 is recommended. It can be used with the HP 10716A as well as all other HP plane mirror
interferometers.

-
•

--
Figure 1-20. HP 10724A Plane M irror Reflector

HP 10715..4. DIFfERENTIAllNTERfEROMflER (Figure 1-2 1)

The HP 1071 5A permits di fferential measurements to be made between two plane mirrors, the
reference plane mirror and the measurement plane mirror. A major benefit is the common optical
path to both reference and measurement beams, resulting in extremely high stability and resistance to
spurious changes in the optical path. Since the measurement beam travels twice between the inter­
ferometer and the plane mirror, the resolution of the measurement is twi ce that of the linear or single
beam interferometers.

1-18



HP 5527A
General Information

Figure 1-21 . HP 10715A Differentia/Interferometer

HP 107000\ 33% BEAM SPUTI£R:, HP l 070 l A 50% BEAM SPUTIER, AND
HP f0707A BEAM BEN DER (Figure 1-22)

These 2S mm (1 inch) cubes allow a portion of the laser beam to be di rected along each measure­
ment axis. Since the cubes can be mounted within a machine, they offer considerable flexibility in
the mounting arrangement resulting in a highly durable insta llation.

The Mooel HP 10700A 33% Beam Splitter deflects one-third of the laser beam intensity at right
angles to the original beam direction while the remaining two-thirds continues through the optic. The
Model H P 10701A 50% Beam Splitter operates in a similar manner with a SO% ratio of beam spli t­
ting. By using combinations of these two accessories, the beam may be split into several paths to per­
form multtaxls measurements. For example, using a 33% and a 50% Beam Splitter, one-third of the
laser beam intensity can be directed to each measurement axis in a three-axis machine.

The Model HP 10707A Beam Bender contains a 100% reflectance mirror which turns the di rection
of an incoming laser beam at a right angle.

Figure 1-22. HP 10700A 33% Beam Splitter, HP 10701A 50% Beam Splitter, and
HP 10 707A Beam Benckr
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HP 1056 7A DUAL BEAM BEAM·5PUTIER (Figure 1·23)

The HP 10S67A Dual Beam Beam-Splitter consists of a beam splitter w ith three different coatings.
The beam splitter divides the laser beam into two beams at right angles to each other and directs
them to two sets of measurement optics. The return beams pass through the HP 10567A again and
exit parallel to the Laser Head output beam. This beam-splitter is typically used for applications

Figure 1-23. HP 10567A Dual Beam-Beam Splitter

where two axes of measurement are required to go through a window.

HP 1071OA. AND HP 10711A ADJUSTABLE M O UNTS (Figure 1-24)

The adjustable mounts provide a convenient means of mounting and aligning optical accessories.
Since both mounts allow angular adjustment in two di rections, the need for custom fixturing is min i­
mized. Another convenient feature allows a component to be rotated about its optical centerline
providing simple, time-saving installations. The HP 10710A Adjustable Mount accepts the HP 10700A
and HP 10701A Beam Splitters, the HP 1070SA Single Beam Interferometer, and the HP 10707A
Beam Bender. The HP 1071 1A Adj ustable Mount accommodates the HP 10702A Linear Inter-

10710A ADJUSTABLE MOUNT l07n A ADJUSTABLE MOUNT

Figure 1-24. HP fOnDA and HP 1071 1A Adjustable Mounts
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ferometer, the HP 10706NB Plane M irror Interferometers, the HP 10716A High Resolution Inter­
ferometer, and the HP 10 71 5A Differential Interferometer.

HP 10717A WAVELENGTH TRACKER

The HP 1071 7A Wavelength Tracker (f igure 1-25) monitors any change in the wavelength of light as
it occurs in the measurement environment The optics consist ci a pre-aligned HP 1071 SA Differen­
tial Interferometer and an optica l reference cavity (also called an etalonl that together, measure any
optical path length change over a fixed distance. Built-In adjustments simplify installation and align­
ment to the laser system.

The HP 10 71 7A Wavelength Tracker provides a higher degree of accuracy than does the HP
107S1NB Air Sensor, thereby tm provtng the laser system measurement performance. For a more
derailed comparison d compensation methods, see "Compensation Method Comparison" in Section
V of this manual.

The HP 10717A W avelength Tracker's output must be directed to an HP 10780B Receiver where a
measurement signal is generated. The HP 10946B used th is signal and the laser head's reference sig­
nal to monitor changes in the wavelength of light. For maximum accuracy, the eralon's length (num-

I

Figure 1-25. HP 10717A Wavelength Tracker

ber written on end of etalou must be sent to HP 10946B using the · W Rl mnemonic (see page 4K·
1 1).
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CABLES

HP 1079OA/B/C RECEIVER CABLE

The HP 1079o..vB!C Receiver Cable (Figure 1·26) transmits the measurement signal from the HP
10780B Receiver to the HP 5507A. The model is 5 metres (16 teen in length, the B model is 10
metres (3 feet), and the C model is 20 metres (65 feet).

figure 1-26. HP 1079OA/B/C Receiver uble

HP 10793A/8/C lASER HEAD CABLE

The HP 10793A!B!C Laser Head Cable (Figure 1 ~27) is used to connect the HP 5517A, HP 5517B, Of

HP 551BA Laser Head to the HP 5507A. The A model is 3 metres (10 feet) in length, the B model is
7 metres (23 feet), and the C model is 20 metres (65 feet).

Figure 1-27. HP 10793A/B/C Laser Head Csbte
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A·Q UAD-B CABLES

The H P 109 35A Quad/Serial cable is used to connect an HP 109 34A A·Q uad·8 Axis board to the user' s
CNC!NC contro ller. An additional ser ial inte rface cable is required to use the ser ial connection.

INTERFACE CABLES

At least one interface cable mUSI be used for all systems. Select the appropriate cabletsl from those
l isted on page 1-26127.

INTERNAL JUMPER CABLES

W hen more than one of either the HP 1093 4A or the HP 109368 w ill be install ed, an interna l cable
may be required {the proper cable w ill be included w ith all factory insta lled boards). Select the HP
10934A or HP 109 368 opti on (002, 00] , 004, or 006) corresponding 10 the number of boards that wil l
be bussed together. Only one option is required fo r each set of boards.

CO NFIGURING A LASER POSITION TRANSDUCER

I. CHOOSE TH E LASER H EAD, A ll systems require one laser head. This instrument houses the
laser source and its associated circu itry, and also produces the reference signal, There are four
laser heads from w hi ch to choose. The H P551 7A and HP5518A are larger packages than the
HP55 178 or HP5517C. Unl ike the other laser heads, HP5S18A has a bui lt-in receiver. (The
HP55 18A is not recommended for mult iaxis configurations.l

II. CHOOSE M EASU REMENT OPTICS FOR EACH AXIS(U P TO 6 AXES)' Three opti cal elements
are needed per ax is:

A. Interferometers (select one)

1, HP 10702A Linear mrerferorneter

2. HP 1070SA Singl e Beam Interferometer

3. HP 10700A Plane M irror Interferometer

4. HP 10 706 6 High Stabili ty Plane M irror Interferometer

5. H P 107 1SA Di fferential Interferometer (incl udes reference mirror)

6. HP 10716A High Resolution Interferometer

7. H P 10719A One-Ax is Differenttaltnterferometer

8. HP 10721 A Two-Axi s Differenli allnterferometer

9. H P 107JS A Three-Axis Interferometer

10. HP 10 736AThree-Ax is Interferometer
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B. Reflectors (depends on interferometer choice)

1. HP 1070 3A Retrc reflector (used w ith HP 10702A)

2. HP 10704A Retrc reflecror (used with HP 10705A)

3. HP 10724A Plane M irror Reftector Iused with HP 10706A, HP 10706B, HP 10715A
and HP 107 1bA).

4. Custom Optics (for appl icat ions requiring large block mirrors).

C. Receivers

1. HP I07BOC Receiver

2. HP 10780F Fiber-op tic Receiver

III. CHOOSE OPTICS TO DIRECT THE LASER BEAM TO THE MEASUREMENT AXES The HP
10707A Beam Bender and HP 10700Nl 070 1N 10567A Beam Splitters direct a portion of the
laser beam to each axis.

IV. ADJUSTABLEM O UNTS. An adjustab le moun! is required for each optical component (inter­
ferometers, beam splitters and beam benders). The HP 1071 OA Ad justable Mount accepts the
HP 10700A and H P 10701 A Beam Spli tters, the HP 1070SA Single Beam Interferometer, and
the HP 10707A Beam Bender. The HP 10711A Ad justable M ount accommodates the HP
10702A Linear Interferometer, the HP 10706NB Plane M irror Interferometers, the HP 10716A
H igh Resolution Interferometer, and the HP 1071 SA D ifferential rnrerferorneter.

V. (HOO SE AXIS ELECTRON ICS. M atch the number of HP 10932B Ax is Boards (H P 5507B
Option 032), HP 10934A A·Quad ·B Ax is boards (HP 5507B Option 034), or HP 109368
Servo-Axis boards (HP 5507B Option 036) w ith the number of measurement axes. If custom ­
designed electronics such as servo control electronics are planned. incl ude an HP 10941 A
Prorotyping Kit for each axis.

VI. CHOOSE COMPONENTS TO IMPLEMENT AUTOMATIC COM PENSATION FUNCTION IN
YOUR SYSTEM. To determine if env ironmental compensation is requi red, refer to "System
Accuracy" in Section V of this manua l. Envi ronrnentsl compensat ion consists of atmospheric
and materia l temperature compensation. The following components are required for automatic
env ironmental compensation.

A. HP 55078 Option 046(f,1Ctory installed and tested HP 10946C Automati c Compensation
board). This board isrequired to implement any method ofenvironmental compensation.

B. Atmospheric Compensati on. There is J choice of two atmospheric compensation tech­
niques:

1. The HP 10751 NB Air Sensor, wh ich measures certain atmospheric cond itions (air
temperature, pressure, ,1Od hum idity), provides absolute wavelength-o f-light com­
pensat ion. The difference between the A and B models is their cable length:

.1. HP 10751A - 5 metre cable (16 feet)

b. HP 107518 . 15 metre cabl e (49 feet}
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2. The HP 10717A wavelength Tracker, which optically measures any changes in the
w avelength-of- light, provi des high-accuracy relative (di fferentia l) wavelength-of­
light compensation. resulting in high measurement repeatabil ity. An initi al compen­
sat ion value is needed to achieve absolu te measurement accuracy (refer to
"Automatic Compensation " in Section V of this manual for detail s on obtaining this
initi al compensation value). The following components are required to implement
Wave length Tracking Compensation.

a. HP I 0700A or HP 1070 1A Beam Splitter (dependent on total number of axes)

b. HP 10710A Adjustable M oun t (one required for beam spl itter)

c. HP 10717A wavelength Tracker

d. HP 107BOB Receiver (nne requ ired)

e. HP I 0790N B/C Receiver Cable (select one)

C. Materia l Temperature Compensation. The HP 10757NB/C Material Temperature Sensor
is requ ired to impl ement actcmatlc material temperature compensat ion. A maximum of
two sensors can he used in each system. The d ifference in the A, B, and C models is the
cable length.

1. HP 10757A - 5 metre cable (l u feet)

2. HP 10757B . t Svmetre cable W) feet)

J . HP 10757C - 25 metre Gil le (82 feet)

VII. DETERMINE POWER REQ UIREMENTS. U se th is worksheet to calculate your power require­
ments to ver ify that there w ill be sufficient power available to meet your needs. Total power
dissipated cannot exceed 82 W (HP 5507A) or 122 W (HP 5507B).
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CERTIFICATION

Hewlett-Packard Company certifies that this product m e r its published sp€cificariom at the time of shipmen!
from th e factory. Hewleff~Packard further certifies that its calibration measurements are rraceable to the
United States National Bureau o f Standards. 10 the estern allowed b y the Burea u's calibration facilit y, and to
the calibration {acilirie<; o f other International Standards O rganization m embers.

WARRANTY

This Hewle tt-Packard instrument product is warranted against defects in ma te rial and workmanship for a
period of one year from date of shipme nt. During the warranty period, Hewlett-Packa rd Com pany will, at its
o ption. either re pair or replace prod ucts which prove to be defective.

For warranty se rvice or repa ir. this product must be returned to a se rvice faci li ty designated by HP. Buyer shall
prepay shipping charges to HP and HP shall pay shipping charges 10 return the prod uct to Buyer. However.
Buyer shall pay all shipping charges , duties , and taxes for products retu rned to HP fro m another co untry.

HP warrants that its so ftware and fi rmwa re designated by HP for use with an instrument will execute its
programmi ng instructio ns when pro pe rly insta lled on that instrument HP does not warrant that the
operatio n of the instrument , or so ftware , or firmware will be uninterru pted or e rror free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects result ing from improper or inadequate maintenance by
Buye r. Buyer-supplied software o r interlacing, unauthorized modificatio n or misuse , operation o utside o f tl-op
environ menial specifications for the product, or imprope r site pre pa ration or maintena nce.

The design and implementa tion of any circuit used on this product is so le ly the responsibility of the buyer.
Hewlett-Packard Company does not warrant the Buver'sc ircuitryor malfunctio ns of the Prorowptng Kit or HP
10932A Axis Board that resu lt fro m the Buye rs circuitry. In addi tion, HP does not warrant any damage that
occurs as a resuh o f the Buyer's circuit, including but not limited to the following :

1. HP 5S07A Power Supply limitatio ns a re exceeded.

2. Component height/ protrusions rest rictions are exceeded .

3. Max imum input voltage on the dig ital lines are exceeded.

NO OTHER WARRANTY IS EXPRESSED O R IMPLIED. HP SPECifICALLY DISCLAIMS THE IMPLIED
WARRANTIES O f MERCHANTABILITY AND fiTNESS FOR A PARTIC ULA R PURPO SE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREI N ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP SHA LL NOT BE
LI ABLEFOR ANY DIRECT, INDI RECT, SPECIAL. INCIDENTAL, O RCONSEQU ENTIAL DAMAGE S, WHETHE R
BASED ON CONTRACT, TORT, O R ANY OTHER LEGAL THEORY.

ASSISTANCE

Product maimenance egreemems and a/her customer assistance egreemetvs are available (or Hewleft­
Packard products.

f or an y assistance. cooracr your nea rest Hewlet t-Packard Sales and Service Office. Addresses are provided at
the back o f this manual.
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Table , . ,. Sysrem Power Requiremenrs Worksheet

Vo ltage Uni t Qly X Currenl ll: equ ired • TOI.11

. 5 V 12.2 A Avail"blelHP 55071.)

20 A Avail.1bte IHP 5507B)

HP 10932NB (HP 55 07NB OplO32 l X 2 .0A •
HP 10')34A lHP 5507Nfl OJJI034) X 2 .6A • --
HI' 1 0~3bNH (HI' 5507NB Opl 036) X 2 .5 A •
HI' 1O'J4bB/C (HP 550 7N8 0 lll 0 46) X 1.75 A •
HI' 10'J 41 A IVa IlllPrf,lCP only) X 0.25 A •
Other Requiremerus

TOTAL

+15 V 1.2 " Av,~ililhle (HI' 5507A)

3 A Available (HP 5507Bl

HP 109 3 2N B lHP 5507N B OJll Ol2) X 0.006 A •
HI' 109341. (HI' 5';07NB Opt 03 4) X 0040 1. •
HI' 1 0~3 {,NB lHP 5507N B Out Oll,) X 0.010 A •
HI' lO'14/,fVC IHP 5';07NB °111 0 4(,\ X 0 .0 18 A •
Hp l 0 780C/r X 0 .136 A •
HP 10751N B X 0,OS 3 A •
HP 10 7 57N BIC X 0 ,007 " •
Oth<.'f Requ l""m'ml ~

TOTAL

- 15 V

HI' 109J2NB IHp 550 7N B Opt 0 }2)

HI' 10'))41. (HI' 5507NB O pt 034)

HI' 10936NB (HI' 550 7N8 OJ,. 0 36)

HI' 1O'.I4bB/C (HI' 5507NB Opt 0 46)

HP 1075 1N B

HP 10 757N BIC

Other Requirernemv

X 0.003 A

X 0, 045 A

X 0.045 A

X O.OO't A

X 0.053 A

X 0.007 A

TOT AL

1.8" Avail,lble \HP 5 50 71.)

4 A Avai1.lblelHP 5507B)

'·26

Power

HP IO'J31NB (HI' 55 07N8 Op l 0 31 )

HI' 1O'J14A (HI' S507A/R 0 1'10 34 )

HI' 10 9 36A!B (HI' 55 0 7NB Dill 0 36)

HP 1094f>B/C (HI' S507AlB 0 l' l 0 46 )

HPI 0 780 BlC/r

HP I0751NB

HP 10757J\!B1C

Olh <.'f Re<lulrf'ffi "nl~

112 W Av"il;ohle (HI' 5 50 71.)

122 Available (HI' 55078)
W

X 10 .1 W •
X 143 W •
X 13 ,b W •
X '1 .1 W • ~
X 1 .0 W •
X 1.6 A •
X 0.2 A •

TOTAL
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VIII. CABLES. Cabl es for transmission of power, reference, and measurement signals must also be
ordered.

A. Laser Head Cable (one per system)
HP 10793A/B!C (used with HP 55 17AlBIC or 55 18A)

Available in three cable lengths:

1. HP 10793A - 3 metre ca ble (9. 8 feetl

2. HP 107938·7 metre cable (2) .0 feet l

3. HP 1Q79 JC • 20 metre cab le (65 .6 feet>

B. Receiver Cable (one per measurement and Wavelength Track ing axis)
HP 10790A/s/C

Available in three cable lengths:

1. HP 10790A • 5 metre cable (1 6.4 feet)

2. HP 10 7906 - 10 metre cable (J 2.8 feet)

3. H P l Q790C - 20 metre cable (6 5.6 feet)

NOTE

A receiver cable is not needed if the HP 551 8A Laser H ead 's internal
receiver is used.

IX. INTERFACE CABLES. Cables for connecting the HP 55278 Laser Position Transducer system
to the users other equipment must also he ordered .

A. Communications Cables (at least one per system) - selection depends on interface being
used.

1. H P-IB Interface. HP 10833NB/CiD (1, 2, 4, and 0.5 Meters respect ively).

2. Serial Interface. HP 24542M US/European Modem Cable for cor mection 10 a
computer or terrnlnalthat has a 25-pin female connecto r.

3. l e-bit Binary Interface.

If you use an HP 9000 Seri es 200/ 300 Controller, order the HP 98622A GPIO
Interface Card and speci fy O ption 001 (or an untermtnated cable. Al so order a 50-pi n
connector w ith cover, HP Part Number 1251 -7673 , and bushing, HP Part Number
1251-0170. For bulk (unterrninated) cable for use in this applicati on , order HP part
Number 1251 -00B6. The wiring d iagram and connector pinout are shown in Section
III.

f or other co ntro ll ers, a custom cable will be required. O rder H P Part Number
1251-7673 for the 50-pin connector, also order bushing, HP part Number 1251 ­
0 170. For bul k (untermioated) cabl e for use in this appl icat ion, order H Ppart Number
1251 -0086. Purchase the cable w ith the contro l ler's binary interface. The connector
pinout for wiring this cabl e is shown in Sect ion III.

4. 8-bit Parallel Interface - see options' and 2 below or option 3 above.
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B. Fu nct ion Board Cables (one fo r each measurement axis that is connected 10 the use r' s
equipment).

1. Custom cable (requires 50-pin connector/cover and bushing; HP part numbers
125 1-767 ] and 1251 -01 70 or equivalent)

2. HP 10935A Quad/Seria l Cable for HP 109 )4A (seri al portio n req uires addi tiona l
ser ial cab le above). Add itiona l wi res may be added by the user for custornrzatton.

SAFETY CLASSIFICATION

The laser sources used in the Laser Position Transducer system (HP 5501 A, HP 5517A, HP 55178, HP
55 17C, and HP 5518A Laser Heads) are Class II Laser Products conforming to U.S. National Center for
Devices and Rad iological Hea lt h Regulations 21 CFR 104 0.10 and 1040.11.
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SECTION II
HP LASER INTERFEROMETRY

INTRODUCTION

This section describes the fundamental s of HP lase r Interferometry. supplying the background
necessa ry to understand information in subsequent sections. The material is organized as follows:

a. OVERVIEW OFHP5527A lASERPOSITION TRANSDUCER. A brief description of the basic
measurement system and a comparison to other position transducers.

b. FUNDAMENTAL MEASUREMENT CONCE PTS. Covers definition of terms, basic measure­
ment theory, and accuracy considerations.

c. MEASUREME NT COMPO NENTS. Describes laser heads, spli tting and bend ing optics,
measurement optics, and the receiver .

d. MUlT1AXI S MEASUREMENT SYSTEMS.Covers 2, 3, and 4 aXIS systems, and angular
measurements made with muluaxts systems.

e. ELECTRONIC CO MPO NENTS. Details the HP 5507A laser Position Transducer El ectronics
(Backplane and HP-I B Circuits), flP 10932A Axis board, HP 10936A Servo-Axis board, HP
1094 lA Prototyping Kit, and the HP 109-16BAutomatic Compensation board.

OVERVIEW OF HP 55 27A LASER POSITION TRANSDUCER SYSTEM

The HP 5527A l aser Position Transducer System uses interferometry techniques to measure po si­
tion with exceptionally high resolution and accuracy. System accuracy (in va cuum) is ± 0.1 parts­
per-million (ppm) and is based on the accuracy of the laser head. It is customary to specify laser
accuracy in vacuum because the va riable characte ris tics of air (such as temperature, humidity, pres­
sure, and gas mixture) have a significant effect on the wavelength of ligh t The HP 5527A offe rs
automatic co mpensa tion for air environments and also for temperature changes of the work
material. For a temperature contro lled environment (20 ± OS Cl, typical system accuracy using air
sensor automatic compensation is 1.5 ppm. Using the HP 107 17A Wavelength Tracker for compen­
sa tion, the measurement repeatability is on the order of 0.2 ppm, depending o n environment. The
total (sum of all axes) measurement range is 40 metres (130 feet) . The equipment is ruggedly built
to withstand industrial environments and requires no more attention to safeguards than other less
precise posi tion transducers .

Compared to othe r position transducers such as glass or Inductosyn scales and single freq uency
laser interferometers, the HP system requires similar setup time and complexity. However, the total
system accuracy is signifi cantly better and considerably more stable. for example, in the fl P syst em,
align ment shifts do not usually result in position errors. If an alignment shift is so severe that a
measurement is no longer possible, the user will be alerted. In contrast, glass and Inductosyn scales
are prone to a lignment shifts lntroducmg positioning errors which may remain undetected until
either a recahbrat ion is performed or imp roperly fab ricated parts are discovered. Single frequency
interferometers, on the other hand, are subject to inaccuracies due to slight intensity changes
caused by the environment.

As with any measuring device, improper installation or operation can degrade measurement accuracy.
Prior to installation of the equipment, you are encouraged to study the basic measurement capabilities
of the system along with the considera tions of relevant sources of errors. Many of the potentia l problems
that could be encountered during insta llation and initial opera tion can be avoided by careful planning
and a tho rough knowledge of laser interferometry.

2-1



HP 5527A
HP laser Interferometry

A co rrectly installed system results in high accuracy and resolution, increased reliability, and less
maintenance and calibra tion than other types of positioning tra nsducers. Although the HP 5527A
system may appear somewhat complex, once the concepts and requirements are thoroughly under­
stood, it will become apparent that designing HP laser positioning capability into a system is com­
parable to other types of position transducer installations.

FUNDAMENTALMEASUREMENT CO NCEPTS

Definitions

Following are definitions of te rms as used in laser interferometry.

ACCURACY: The maximum deviation of a measurement from a known standard. for the HP laser
System, the accuracy of the system is based on the wavelength of the laser light.

DEADPATH; The optical pat h difference between reference and measurement beams when the
stage is a t zero position.

DEGREES O F FREEDOM: As an object moves linearly in the X-axis direction (Figure 2- 1), there are
6 degrees of motion that will affect the final position of the object. Besides the positioning error
along the X-axis which relates directly to the accuracy of the linear scale, the object can also un ­
dergo 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
stra ightness movements respectively.

A typical 3·axis positioning system has 18 degrees of freedom (6 degrees of freedom per axis) plus
errors introduced by out-of-squareness between axes, 21 po tential error sources in all, which com­
bine together to define the final position achieved.

£TALON: An etalon is an optical reference cavity. When used with the Wavelength Tracker, the
etalon presents a fixed distance to the differential interferometer.

fOllOWING ERROR: The following error is the distance between the actual position and the
reference position during a closed-loop position move. It indicates how closel y the controlled ob­
ject fo llowed the desired mot ion profile.

HETERODYNE : To mix two ac signals of different frequencies in a non-li near device for the pur­
pose of producing two new freq uencies, correspo nding respectively to the sum and difference be­
tween the two original frequencies.

INTERFEROMETER: The term interfe rometer may be applied to any optical arrangement where a
beam of light from a light source is separated into two or more parts by a beam splitte r, the parts
are subsequently recombined after traversing different opt ical paths. The two components then
produce interference.

LASER: An acronym for "Light Amplification by Stimula ted Emission of Radiation". A laser is a
device tha t utilizes the natural osc illations of atoms or molecules between energy levels for
generating coherent light.

REPEATABILITY: This term refers to the capability of a measurement instrument to produce an
identical measurement, when measurements are repeated under unchanged cond itions.

RESOLUTION: The smallest measurable linear increment. The units of resolution are units of length
including fractions of lambda (.ll. ). l ambda is the symbol for the wavelength of light. For the Helium
Neon laser, lambda is 632 .8 nanometres.
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The 51. Degree. of Freedom
V·AXIS OF VERTICAL STRA IG HTNESS

X-AX IS OF LI NE AR
DISPLAC EMENT

Figure 2- 1. The Six Degree, of f rf'f'dam.

Basic Measurement Theory

To understand the prin cip les of lase r int e rfero met ry, we witt examine the Michel son
interferometer. fo ll owed by a di scussion of two-freq ue ncy lase r syste ms, and then the HP 5527A
l aser Po sition Transducer.

MI CH ELSO N INTERFEROi\UTER

In the 1680·s. Albert Michelson developed the prin cip le of inte rferomet ry while ex pe rimentin g
with veloci ty of light test s. In the basic Mich elson interfe ro mete r shown in Figure 2-2.
monochromat ic light is d ire cted at a ha lf-silvered mirror that act s as a beam splitt e r to pass ha lf the
bea m to a mo vable mirror and bend the rema inde r 900 to a fi xed m irro r. The reflected bea ms
from the movable mirro r and th e fi xed mirro r recombine at the beam sp litter . With the m irrors
exa ct ly aligne d and motion less , an observer will see a constant inte nsi ty o f light.

f Igure 2-2. MJchelw n ~ tnter tero m et er.

BASIC MICHELSON INTERFEROMETER

FIXED
MIRROR

I
I, MOVABLE
I MI RROR

...,v___ ... __ ___
MONOCHROMATIC

LIGHT SOURCE

BEAM ~
SPLITTER t • •

(50% REFLECTANCE ) ,
I
I

SOETECTOR

.
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When one of the mirrors is moved very slow ly. the observer wi ll see the beam increasing and
decreasing in intensity as the light w aves from th e IwOpaths add and can cel. This interference of
the reflected beam s produces character istic fringe patterns where each cycl e o f intensit y change
represents a h alf wavelength o f movable mirror travel . If the wavelength o f the ligh t is known .
then the travel of the m irror can be accuratel y determined .

An importan t characte r istic of interferometr y is tha t t he in itial d istance to the movable mirror is
not measurable , only the change o f po sition of the mirrors w ith respect to each o ther can be
detected.

To convert Michelson 's apparatu s in to an electronic measuring device requ ires a photocell to
convert beam in tensify into an electrica l signal, and an electroni c cou nter to ta lly the cycles o f
beam in tens ity. To make such a device practical , however , several other improvements are
necessary.

Because alignment o f o rd inary mirrors is extremely cri t ical. modern interferom eters use cu be
co rn ers {ret roreflectorsr. Cube corners reflect l ight parallel to the ang!e of incidence regardless o f
align ment wi th respect to th e bea m.

The accuracy of Interferometersover any p ractical distan ce isdependent upon a preci sely kn own
wavelength o f pure light {i.e. , a high ly stab le single wavelength I. l aser ligh t is extremely well ­
suited to th is task.

Since a single photocell can not determine the direct ion o f retro ref lecto r movement. so me form
o f di rection-sensing electron ics is requi red. One com monly used method is to ':opl it the return
beam into two porti ons , delay one portion in p hase by 90° , and then detect each port ion of the
beam using a separate photocell. This technique yields two signals that vary si n usoid ally in
in tensity as the reflecto r moves. The signals differ in phase by 90° and are used to drive a su itable
counter. The phase separatio n all ows the cou nter to determine the direction of re troretlecto r
m oti on .

The basic Michelson interferometer wi th the added improvements previou sl y described
comp rise a fun ctional measuring system. However , problems occur when the intensit y o f th e light
beam changes d ue to aging o f the light sou rc e or when turbu lence eit her deflect s the beam
slightly o r warps the wavefront. These intensity changes cou ld be interpreted as motion. t hus
introducing measurement errors.

TWO FREQUENCY LASER INTERFEROMETRY

HP interferometry makes use of a principle that comp letely eliminates this probl em. While
convent ional interferometers mix two light beams o f the same frequen cy, the HP interferometer
emplo ys a two-frequency laser and mixes ligh t beams of two different frequencies . Figure 2-3
ill ustrates a typical HP system.
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BEAM

NCE
TS

SPLlT~L>- FIXE D REFERE NCE
CUBE·CORNER

LASER '."~"D /Y'/
TUBE " ~ ~ ' , ) EXTERNAL

CUBE-CORNER

'2& ' , : .... ,

" & 12

PHOTODETECTORS :;J
I. DOPPLER SIG NAL

' 2 - (Il :.: .\.11)

REFERENCE SIGNAL.
~ ['-..,12 - II 32 BIT

PULSE CONVERTER,
31 BIT DIFFERE

AC V POSITION
DESTI NATION

OUTPUCOUNTER REGISTER
AMPLIFIERS AND AN D<, RESOLUTI ON SUBTRACTO R

./ EXTENSION

f igure 2-3. Typical HP La, er Positio n Tr;m sd ucer Block Diagra m

The prime virtue o f the two-frequency syste m is that the distance information is carried on ac
waveforms. or earners. rather than in d c fo rm . Since ac circu its are insensitive to changes in dc
levels, a change in beam Intensttv can not be interpreted as motion .

The ac signals representing d istance change are analogou s to the intermediate freq uen cy carriers
in FM heterodyne receivers. The ac signal o r "i nte rmed iate frequency" is produced b y mixing
two slight ly different freq uencies , near 5 X 1014 Hz (500,000 GHz l, diffe ring by only a few
megahertz.

Using different sou rces 10 generate these two frequencies wou Id require u ltra stable so urces and
periodi c calibratio n. lasers, however , can be forced to oscillate at two frequencies simult aneousl y,
simply by applying an axia l magnetic field . The two resultant frequencies are ve ry dose together
but with opposite circu lar polarizations. A polar izing beam splitte r easily se parates the two
beams. Both frequen cies are extremel y stable and d o not requ ire recallbrarlon.

One of the frequen cy compone nts Ih I is used as the measu ring beam and reflects from the
external cube-corner back to the beam spli tter. Here the measuring beam mixes with the second
frequency or reference frequency If2) to produce fringe patterns. These patterns are composed of
alter nate light and dark bands caused by successive reinforcement and cance llatio n (interfe re nce)
of the beams. If the movable cu be-corner reflect or rerna! ns stationary, the interference rate I beat
frequen cy: will be the exact differen ce between the laser 's two freq ue ncies, about 2 million
fringes/ second.
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When the cube corner moves. the frequency of the returning beam wil l be shi fted up or down by
the doppler effect (f t + ~f ) depend ing on the direct ion of retroreflector motion. Doppler shift is
the well known phenomenon experienced when one hears the pitch of a train'swhistle change as
the train approacheso r departs. A retroretlector veloci ty of 30 centimet res/second (o ne- foo t per­
seco nd Icauses a Doppler shift o f approx imately 1 MHz. Thisshift ismonitored by a photodetector
and converted to an electr ical signa l (f2 - (fl + ~f ) ) . A second photodetector monitors the fr inge
frequ ency before the paths are separated and provides a reference signal that correspo nds to
zero motion If2 - il l.

The two frequencies from the photodetecto rs are routed to aspeci al counter. The counter co unts
up on the doppler-sblfted si gnal from the retroretlector and down fr om the reference signal.
With no retroreflecror motion, the frequen cies are equal , and no net count isaccumulated. Wh en
the retroretlect or moves. the Doppler fr equency increases or decreases to produce net posit ive
or negative cumulative counts corresponding 10 the distance and direct ion t raversed in
w avelengths of li ght.

THE HP 5517A LASER POSITION TRANSD UCER

Although there are man y possible configurations of th e laser and o pt ics , all HP systems have five
basic parts in co mmon. These are :

a. A two-frequency laser source to produce optical frequen cies fl and f2 and generate the
reference signal.

b. A set o f splitting and bending optics (HP 107XX series ) to bend part or all of the laser beam
at rig ht angles.

c. A set o f measurement optics (HP l07X X series : to selective ly red irect the optica l
frequencies over the referen ce and measurement paths.

d. A set of receivers (one per measuremen t axis) to detect the d ifference in optica l
frequencies and produce the measurement signal.

e. Electron ics to co nvert the measurement and reference signals into displacement data.

Two important characterist ics of HP interferometers must be emphasized; first, o nly the change in
relative position of the optics is detected. Second, either optical co mponent may move as long as
optical al ignment is mal mained. If the interferometer is fi xed and the retroretlector is the movin g
compo nent (toward or away fr om the inte rferometer ), motion with respect to itsori ginal position
is detected . Conversely, if the retroreflectcr is f ixed, th e interferometer can be the movin g
component.

The HP 5527A Laser Positio n Transdu cer can detect and measure all linear measurements, l.e .. 3
degrees of the 18 degrees of freedom defined in definit ions above. Small angle measurements
may be made by mu lt iple measurements on the same ax is.

The measurement system is relatively insensit ive 10 all other motions, as briefly described be low.
See Figure 2- 4.

a. M ot ion of the receiver o r laser head in a d irect io n parallel to the beam path (Xl has no
effect on the measurement, si nce both fl and f2 would exhibit doppler shi ft.

b. Motion of the laser head. receiver, inte rfe rometer, or retroretlector in a direction lateral
to the beam path (Y or ZI has no effect on the measurement. The o nly restri cti on is that
sufficient l ight returns to th e rece iver .
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•
ELECTR ICAL SAFETY CONSI DERATIONS

GENERAL
Ttus product and related documentation must be rev-ewec fo r
tarmuan zat.cn Wit h safety markings and mstructrcns before
operation

Ttus product IS a Safety Class I Instrument crovrcec With a
protective earth terminal

The CAUTI ON sign denotes a hazard , II calls
auenncn to an operating procedure. practice.
o r the li ke . wh ic h . If nol correctly pertormed or
adhered to. could result In damage to or
destrcctron 01 part or all 01the produc t . Do not
proceed beyond a CAUTION sign until the
Indicated conditions are fully understood and
met

SAFETY EART H GROUND

SAFETY SYMBOLS

BEFORE APP LYING POWER IWARNING I
Any .nterrupnon 01 the protective grounding , conductor
Inside or outside the instrument or disconnecting the

protective earth terminal wil l cause a potenti al sncc k hazard
that co uld resul t In personal injury. Grounding on e
conductor 01 a two conductor outlet IS not su fficien t
protection

Whenever II IS li kely that th e protection has been rmce-eeo .
the instrument must be made inopera tive and be secured
against any unintended operation ,

If tms Instrument IS to be energized via an au tot ran sformer
for voltage reduction , ma ke sure the common terminal IS

connected to the neutral earthed pole ot tbe power source

ServICing Instruc tions are lo r use by service-trained
personnel only To avoro dangerous electric shock , do not
perform any servrcmq unless q uallf fed to do SO,

Adrustments described In the manual are performed With
POwer supplied to the Instrument while protective covers are
removed Energy available at many poin ts may. if contacted .
resul t In personal mjury.

Capacitors ms.de the Instrumen t may still be charged even i l
the Instrumen t has been disconnected f rom its source of
supply ,

For co ntm ueo orotecncn against l i re hazard, replace the line
fuse s only With 250V fuse s of the same current rating and
type lor example. normal blow, time delay. etc . r. Do not Lise
repaired ruses or short crrcurteo tuseno toers

From 1 2 xucvcns to 12 kilovolts oc is present on the anode ot
the laser l ub e in the 5517 A, 55178, and 551 BA Exercise
extreme cauncn when workmg inside th e instrument . The
high voltage Could cause senous personal injury i f contacted
Any ad/ustments performed should be by service trained
personnel only

In d icates ea rth ground terrrnnat.

Ind icates hazardous vol tages

I The WARNING Sign denotes a hazard It calls
attention to a procedure. orectrce. or the li ke ,
wt ucn . II not correctly performed or adhered
to , Could result In personal Injury. Do not
proceed beyond a WARN ING sign untu th e
indicated condmons are fully understood and
me t

...L

Instruc tion manual symbol the product wil l
be ma rked With trus symbol when It IS neces­
sary for the user to re fer to the Instruction
manual.

Veri fy th at th e product IS set to match the available line
voltage and the correct fuse IS «istauec Refer to Installation
Section.

An umo terruouore safety earth ground must be c-cvrcec from
the marna powe r source to the product Inpu t w iri ng tenmnats.
power cord. o r supplied power cord set

•

LASER HEAD SAFETY CONSIDER ATIONS

~~~~J
LASER RADIATI ON IS EMITTED FROM THE APERATURE OF THE 5518A. 5517A, AND 5517B LASER HEADS AS
ILLUSTRATED ON THE FOLLOWING PAGE . DO NOT STARE INTO BEAM. THIS PRODU CT IS A CLASS II LASER
PRODUCT CONFO RM ING TO FEDERAL BUREAU OF RADIOLOGICAL HEALTH REGULATIONS 21 C RF 1040.10 AND
1040.11 AND TO INTERNATIONAL LASER SAFETY REGULATIONS. THE MAXIMUM RADIANT POWER O UTPUT IS 1
MILLIWATT. THE PULSE SPE CIFI CATION IS CONTINUOUS WAVE, THE LASER MEDIUM IS HElIUM·NEON, AND THE
WAVEFLENGTH IS 632 .991 NAN OMETRE S.

LASER RADIATI ON IS AC CESSIBLE WHEN THE 5518A AND 55 17A COVER (O R 5517B COVERS) ARE REMOVED AN D
TH E TE ST· NORM SWITCH IS IN THE TEST POSITI ON .

US E OF CONTROLS OR ADJUSTMENTS O R PERFORMANCE OF PROCEDURES OTH ER THAN THOSE SPECIFIED
HEREIN MAY RESULT IN HAZARDOUS RADIATION EXPOSURE ,
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RETROREFLECTOR

INTERFEROMETER <>;»:

z
4.

x

Figure 2-4 . Allowable Component MotIOns

c. Angular motion of the lase r head about the Z and Yaxes has two effects as described below:

1. Introduces a measu rement error (cosine error ).

2. May d isplace the laser beam so that insufficien t light re turns to o perate the receiver.

d. Although the Laser Head or the Receiver may be rotated in 90" increments about the beam axis
(roll), othe r ro ll deviatio ns from the four optimum positio ns degrade the measurement signal .

e. Angu la r motion of the rece iver about the Yand Z axes has no effect on the measurement within
ce rtain limits.

f. Angu la r motions of the interfe rometer and ret roreflecto r are dependent on the particular
compo nents for limitatio ns.

Accuracy Consideratio ns

Several factors external to the laser Position Transducer can affect the syste m accuracy. These factors (the
measurement enviro nment, machine and materia l temperature, and the optics installation) and their
interrelationsh ip must be understood in order to pred ict the performa nce of the syste m. Detailed
descr iptions and methods of compensation are contained in Sectio n V.

MEASUREMENT COMPONENTS

The measurement com ponents com prise that portion of the Laser Position Transducer used to generate.
direct, and detect the lase r beam and are selected fro m the following units:

a. HP S517A, HP 55178, HP 5517C, or HP 55 18A Laser Head

b. HP 10 700A 33'" Beam Splitte r

c. HP 10701 A5~ Beam Splitter

d . HP 10707A Beam Bender
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e. HP 10 S67A D ual Beam-Beam Splitter

f. HP 10702A linear Interferometer (and Option 001 W indows)

g. HP 10703A Rett oreflecto r

h. HP 10704A Retroretlector

l. HP 1070SA Single Beam Interferometer

[. HP 10706A Plane Mirror Interfe rometer

k. HP 1071SA Differential Interferometer

I. HP 10 710A Adjustable M ount

m. HP 10 711A Adjustable M ount

n. HP 10 7808 Receiver

Laser Heads

Hewlett-Packard offers a choice of four d ifferent l aser Heads to meet a wide variety of applicati ons.
Following is a general d iscussion of l aser Head characte ris tics and descriptions of each type ind uding
comparisons, benefits and features.

GENERAL CHARACTERISTICS

FREQ UENCIES AND POLARIZATIO NS. HP Laser Heads produce a coherent collimated two-frequency
laser beam consisting of two orthogonally polarized frequency com ponents. To differentiate between the
frequencies, the lower frequency is identified as h and the higher F2. Frequencies Fl and Fz are always
o rthogonally polarized with respect to one another. However, either may be vertically (or horizontally)
polarized. Some HP models have F, vert ically polarized, and in others F1 is horizonta lly polarized. This
w ill affect the d irect ion sense. For example, if Fl is in the measurement path, Fz is in the reference path,
and the optics are moving away from each other, the fringe counts w ill be increasing. Interchanging Fl
and F2 in th is example will cause the fringe counts to decrease.

AUTOMATIC TUNING. To maintain a stable frequency ou tput, HP laser heads have variable cavity lengths
controlled by some form of automatic tuning circuitry. All HP laser head models (H P S5 17A, H P 55178,
H P S517C, and HP 5S 18A) are thermal ly tuned. Thermally-tuned lasers require a 10-m inute w armup
period (maximum) and offer better stability, accuracy, and reliability at lower cost than earlier laser sources
manufactured by H P.

BEN.>1 SHUTTERS. To facil itate al ignment and meet safety standards, the laser heads have shutter controls
installed at the laser beam apertu re. The beam may be blocked entirely for safety, or reduced for alignment,
o r unimpeded for normal operation.

HP 5511A, HP 55 178, HP 55 17C, AND HP 551BA lASER HEADS

These fou r d ifferent laser heads have different shutter arrangements, and the HP 5S 1BA has a built -In
receiver.

POlARIZATIO N O RIENTATION. The HP 5S17N 551 76/5 5' 7C/5S 1BA produces Fl with horizontal
polarization and f 2 with verti cal polarization.
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AUTOMATIC TUNING. Therma l tuning is used and requires a warmup period of less than 10 minutes
(4 minutes typ ica l).

HP 55 17N B/C BEAM SHUTI ER. The three-position shutter o n the HP S5 17N B/C can be set for open,
reduced , or closed apertures.

HP 55 181'\ BEAM SHUTIER. The HP 5S181'\ has two shutters. The exit (upper) shutter has three posmons
for open, reduced, or closed apertures. The return (lawer) shutter has two positions for open and alignment
ta rget. In additio n, the HP SS1BA has a two-position turret ring to configure the head for strefghtness
measurements (requires special optics, see HP 55281'\ literature for additional information) in one position
and a ll other measurements in the other .

HP 5S17A INDICATO RS. The HP 551 7A has two l EO indicators on the rea r panel. The "lASER ON" lEO
alerts the operator that the laser head is activated and emunng a laser beam. About halfway through the
warm-up period, the "READY· lEO blinks on and off to indicate that the laser is in the process d warm ing
up. When the head is ready for use, the "READY"LED rema ins on. Any necessary retuning is performed
automatically and is indicated by the "READY" l ED Ilashmg.

HP 551 7B/C INDICATORS. The HP 551 7B/C has four ind icators on the rear panel to indicate the status
of the :1:1 5 Volt po'N"er supply input, laser o utput and tu ning, and the reference freq uendy output. The
"+1 5V POWER O N" and "-1SV POW ER ON" indicate that power has been applied and that both
.1S Volt fuses a re O K The "lASER O N" l ED alerts the operator that the laser head is activated and em itting
a laser beam. About halfway th rough the warm -up period, the "READY" lE O blinks on and off to indicate
that the laser is in the process of warming up. When the head is read for use, the "READY" lEO remains
on. Any necessa ry retuning is performed automatica lly and is indicated by the "READY" lEO flashing.

HP 55 18A INDICATORS. the HP 55181'\ has two LE O indicato rs on the rear panel and two LEO ind icators
o n the front panel. The rea r panel lEOs are the same as on the HP 55 17A. The front panel "lASER ON"
lED performs the sa me function as the rear panel " lASE R O N" LEO, The remaining front panel lEO,
"SIGNAL ", indicates when a sufficient laser beam measurement signal is returned to the receiver with in
the HP 5S18A.

Splitting and Bending Optics

The splitting and bending optics co nsist of the following units :

HP 10700A 33% Beam Splitter

HP 10701A 50% Beam Splitter

HP 10707A Beam Bender

HP 10567A Dual Beam Beam -Splitter

These o ptics allow a portio n of the laser beam to be d irected along each measure ment axis. They are
rugged and easy to mount in a wide variety of appl ications.

The HP 10 700A 33% Beam Splitter deflects about one-third of the laser beam at right angles to the original
beam d irection and allows the remaining two-th irds to continue straight through. The HP 10 701A 50%
Beam Splitte r deflecfts o ne- half of the laser beam at right angles and passes the remaining half.
Combinations d these two accessories allow flextbihry in directing the desired fract ion of beam intensity
to each axis of a multiaxis configuration. For example, using a 33% and a 50% Beam Splitter, o ne can
d irect o ne-third of the laser beam inte nsi ty to each measurement in a th ree-axis machine.
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The HP 10707A Beam Bender contains a 100% reflectance mirror that turns the direction of an incoming
laser beam at a right angle. To mainta in proper polarizations, only right-angle turns should be used in
routing the beam of the laser head with in a machine.

The HP 10567A Dua l Beam Beam-Splitter allows alternate opticallayouts. The HP 10567A consists of a
beam splitter glass plate w ith three different coati ngs; o ne third of the plate is mir ror coated for 100%
reflectance, a second one-thud is coated fo r 50% reflectance, and the final one- third has a nonreflect ing
coating.

The H P 10567A D ual Beam Beam-Splitter divides the l aser Head output beam into two equal beams at
right angles to each other (see Figure 2-5). These two beams go to two sets of measurement o ptics and
the return beams pass through the HP 10567A again. These two measurement beams exit the HP 10 56 7A
paralle l to the l aser Head output beam.

VACUUM CHAMBER --...............
TO INTERFEROMETER FROM INTERFEROMETER

L ASER

10780A
RECEIVER

L
r

10780A
RECEIVER

X AXIS

J: 10587A

L
l'i BEAM SPU TTER

WINDOW

FROM INTERFEROMETER

Figure 2·5. HP 10567A Laser Beam Path

Measurement Optics

Each l aser Tra nsducer axis must have an interfero meter and a reflector. Machine design considera tions
determine which type of interferometer is optimum. The choice of the interferometer for each axis usually
specifies the reflector fo r that axis.

Direction sense is determined by which optica l frequency, F, or f2 , is in the measurement path. The l aser
Head determines the polarization (vertical or horizontal) of F1 and F1. But the optics o rientat ion determines
which polarizat ion, fv or FH, is in the measurement path.

HP 10702A LI N EAR INTERFEROMETER AND HP 1060lA RETROREFLECTOR

The HP 10702A linear Interferometer is the basic unit and is used whenever possible. The measurement
reflector for th is interferometer is the HP 1Ol03A Retro ref lecto r. Displacement is measured between the
interferometer and the cube corner. Either one or both can move.

Normally, one optic is mo unted on a moving part and the other is mounted on a fixed part and the
displacement between the two is measured. A diagram of this is shown in Figure 2-6. Note that fo r mu ltiaxis
installations each axis must be mechanically independent of the other . In other words, motion in the v-axrs
shou ld have no effect on the al ignment of the X-axis optics.

If the linear interferometer must move, the HP 10702A, Option 001, must be used (Figure ] -71.
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• • ••
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figure 2- 7, H P 107011'1 Linear InrerferonlP/er wi th Option 001 Window,

LINEAR INTERFE ROMETER LASER BEAM PATH

The beam exit ing from the Lase r Head issp li t at t he su rface of a polarizing beam-splitter, with one
frequen cy, Fv . re flected to the reference cu be corner mounted o n the housing IFigure 2-8 1, The
other frequency. FH , is tran smitted to the HP 10703A Ret roretlect or and returned parallel to , bu t
displa ced from , the o utgo ing beam. Bot h frequen ci es are ref lected back along a common axis to
the photodetector in the receiver . One o f t hese frequencies includes a Doppler frequency shift
whenever th e HP 10703A Rerroretlector (o r HP 10702A Linea r Interferometer } moves. Rotating
the interferometer 90° abou t the bea m path sw itches whi ch optical frequency is in the
measuremen t path . thus changing the direct ion sense.
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REfEREN CE
CUBE-CORNER

"
"

10102A
L INEAR INTERFEROMETER

( To p View )
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1010 JA
RETR OREfLECTOR
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HP 107051\ SINGLE BEAM INTERfEROMETER AND HP 10704A RETROREFLECTOR

A si ngle beam interferometer is so named because the outgoing and re turn ing beam are
su perim posed on each other giving the appearance of only o ne beam traveling between the
interfe ro me ter and the re troretlector. Functio nall y, th is interferometer o perates the same as the
standard interferometer bu t is advantageous when space for o ptics and beam paths is at a
prern tu m. The retroretlector is again a cube co rner but it is conside ra blysmalle r tha n the standard
cube corner. One significant differen ce is that the receiver is mounted at right angles to the
measurement beam and the interferometer ca nno t be moved. A diagra m of this interferometer is
shown in Figure 2·9.

SINGLE BEAM INTERFEROMETER LASER BEAM PATH

A polarizing beam-splitter reflects Fv 10 the referen ce cube corner and transmits FH to the HP
10704A Retro retlecto r If igu re 2-91. The re turn path is superimposed o n the ou tgoing pat h . Since
both beams leaving the beam-sp li tter pass th ro ugh a qu arter -wave plate , the returning
polarizatio ns are rotated through 90°. This causes Fv to be transmi tted an d FH± J.f to be reflected
so that they are d irecte d coaxially to the recei ver along a pa th perpendicular to the measurement
path . Again. ro tating the interfe rometer 90° switches which o ptical freq ue ncy is in the
measuremen t path . and th us changes the d ire ct ion se nse .

REFEREN CE
CUBE· CORNER

'" "

"

QUARTER-WAVE
PLATE S

'"

10704A
RETROREFLECTOR

1070SA
SINGLE BEAM INTERfeRO METER

( To p View)
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HP 10706A PLANE MIRROR INTERFEROMETER

The plane mirror interferometer can be used with a p lane mirro r reflector to give d isti nct
advan tages. Since interference frin ges are detectab le even th ough the measurement beam isnot
at perfect right ang les to the mirror • several worthwhile appl teat ions are possible . Fo r example . in
a two axis system, the X reflector can be all o wed to m ove in th e Ydi re ction withou t affecti ng the
signal st rength o r the X measu remen t. Consequent ly . both refl ec to rs of a two -a xis system can be
moun ted on the same m ov ing part to minimize Abbe offset er ro r. D ef in ing the measuri ng point
as the point w here the two axisbeams cross, the measurement is essentially independent of yaw of
the mo ving stage . Such a d esign is show n in Fig u r e 2- 10.

WORK SU RFAC E PLANE~><:-'

LASE R BEAM

\

PLANE MIRRORS

LASER BEAM

/

figure 2- 10. X- Y Sloig e M f>d o; u r ement with HP 10706A Ploine M irror Inter ferometer

Cont rast th is system to a two-axis system using standard inter ferom eters. Th e x-axts re tro retlecto r
must be mounted o n a pan o f the stage that mo ves in the X direction and not in t he Y direction .
Al so . the y-axis ret roreflector must be mounted on a d ifferent part o f the stage tha t is allowed to
mo ve in the Y d irection and no t in the X d irect io n. These constraint s p reven t two -axis
measuremen ts from being made o n the same pan o f the stage. Furth er. there w ill be some
geometry error in the system if i t is no t perfect ly r ig id .

Since the measurement beam t ravels tw ice between the interferometer and the plane mirror , the
reso lu tion o f the measurement is twice that o f the l in ear o r si ngle beam in terferom eters. The
standa rd resolu tio n ext ensio n o f the HP 10932A Axis Board resu lts in resolu tions of ..v128 (5
nanomet res o r 0.2 rntcromchesr WIt h the p lane m irror in terferometer. o r .1. / 64 (1 0 nanometres or
0,4 m tcrotnchesr with the linear or single beam interfero mete rs.

PLANE MIRROR INTERFEROMETER LASER BEAM PATH

As in the other interfero meters. the vertical po larizati o n (FVI is reflected to t he recei ver al ter
rerroretlect ion by the reference cu be co rner. The hori zontal polarization IFH I is transrnnted out
to the plane mir ro r reflector and is refl ected back on itself lFigure 2-111. The quarter-wave plate
causes the polarizat ion o f the retu rn frequency to be rot ated through 90° so that FH .!..If is
reflected ou t a second tim e where i t is Doppler shift ed again . The polarization of FH :t2.lf is
rotated agam through 90° '>0 it is now transmit ted back to the rece iver. Resolu ti on doubling is
inheren t because of the double Dopp ler shift .
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The unique contribution of the HP 10706A Plane Mirror Interferometer is its tolerance of angular
misalignment of the reflecting mirrors. Other mirror reflectors are required to remain perpendicular to
the laser beam within several arc-seconds. W ith the HP 10706A. angular deviations of minutes of arc
are commonly acceptable.

Q UARTER-WAV E
Pl.ATE

F"F"

Ffi :! 2 ol1

f fi ! oll

Pl.ANE
REFl.ECTOR

:"",',:,I

10106A
Pl.ANE MIRROR INTERFERO MET ER

( To p View )

Figure 2- 11. Plane M irro r Interfe ro meter Laser Beam PaIn

HP 107068 HIGH STABILITY PlANE MIRROR INTERFEROMETER

HP's high stability plane mirror interferometer provides a significant improvement in thermal stability
over conventiona l designs. Typically, an HP 107068 exhibits a thermal sensitivity that is 1/12 that of
other plane mirror interferometers. This allows for a marked improvement in measurement stability
thereby reducing the designer'S error budget for HP equ ipment Ex isting system designs can be easily
upgraded, since the HP 107068 is an exact functional replacement for the HP 10706A and is the
same size and weight.

Figure 2-12 shows the optical schematic for the HP 107068 High Stability Plane Mirro r Inte r­
ferometer. Note that the usual reference beam cube-corner has been replaced with a quarter-wave
plate with a high reflectance coating on the back. In this configuration, the measurement and
reference beams have the same optical path length which Virtually eliminates measurement errors
due to the temperature changes in the optic. The remaining thermal errors are due to mechanical
tolera nces in the geometry ci the device. Typically, the HP 107068 exhibits drifts ci 0.04 microns!
degree C of optics temperature change.

-

HI GH REfl.ECTOR
~--------,__ QUARTER WAVE Pl.ATES

•

MEASUREMENT MIRROR

Figure 2-12. HP 107068 High Stability Plane Mirror Interferometer, Op ticsl Schemaric.
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HP 10716.4. HIGH RESOLUTION INTERFEROMETER

This o ptic offers twice the resolution of conve ntional plane mirror interferometers and has excellent
thermal c ha racte ristics, typica lly, only 0.04 micrometres of d rift per degree C. Although the HP
1071 6A is larger than the conve ntional plane mirror interfe rometer and the slew rate is halved, the
fi ner resolut ion of th is o puc allows system measure me nt resolution of 2.5 nanometres (0. 1
rmcrorrchi.

Figure 2-13 snows the optical schematic of the HP 10716A High Resolution Interferometer. The un it
consists cJ a cube co rner, a plane mirror conve rte r, a retroreflector, a high-stability adapter. and a
pola rizing beam spli tte r.

HI GH REf LECTOfl

"' I GH REH _ECTOR-~~:

C\J8 E CORNERS

/"--"""7- QU ARTER IrI'A VE PLATES

t'lI GH REflECTOR

Figure 2-13. HP 10716A High Resolution Interferometer, Optical Schemdtic

HP 1071 SA DIFFERENTIAL INTERFEROMETER

The HP 10715A (Figure 2-14) permits different ial measurements between two plane mirrors. Since
the optical pa th is common to both reference a nd measurements bea ms, it is extremely tolera nt of
cha nges such as thermal ex pansion o r variations of air cha racte ristics. When used in a positioni ng sys­
te m, the sma ll re ference mirro r can be mounted very dose to the measurement mirro r. The ad ­
vantages of the common beam path and the small reference mirror combine to significantly reduce
deadpath. Deadpath is the o ptical path d ifference between reference and measurement beams when
the stage is at zero position.

The orie nt.a tion of the optics determines which frequency pola rization is in the measurement or reference
path thus affecti ng di rection sense. Section V provides a com plete breakdown of possib le configu rations
and the resulting polarization oneotauoos.
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Fv FH ;t 2 ..11
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Figure 2· 14. HP 10715A Differential Interferometer Laser Beam Path

HP 1071 7A WAVElENGTH TRACkER

The HP 10717A Wavelength Tracker (see Figure 2· 15), when configured with a dedicated HP
10780B Receiver and HP 10946B Automatic Compensation Board (HP 5507A O ption 046), monitors
changes in the wavelength of laser light. The HP 10946B uses the measurement signal from the as­
sociated HP 10780B Receiver to generate a differential compensation number that can be used by
the rest of the HP 5S 07A electronics.

The HP 10 71 7A is comprised of an optical reference cavity (called an etaIon) and an HP 1071SA Dif­
ferential Interferometer. Both components are mounted on a common metal baseplate and pre­
aligned at the factory. Baseplate adjustment controls are provided to make installation and alignment
easier.

O peration is quite si mple. The etalon, consisting of lWO mirrors separated by a thermally stable
spacer, presents a fixed d istance to the d ifferent ial interferometer. The interferometer moni tors the
optical path length between these two mirrors. Any change in the Wavelength (i.e.,changes in the air
density/index of refract ion within the etaIon cavity) causes an optical path length change, which is
detected as a phase shift in the measurement frequency. The HP 109466 uses this phase information
to update the compensation number for use by the rest of the system.

Ma intaining the 0.20 ppm typica l accuracy of th is compensation technique requ ires that air w ithin the
etalon's cavity have the same temperature, pressure, and humid ity as the air in the measurement paths.
To accomplish this, the HP 10717A Wavelength Tracker should be mounted as close to the measurement
axes as possible.
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Figure 2-15. HP 10717A Wavelength Tracker Laser Beam Path

HP 10710A AND HP 10711A ADJUSTABLE M OUNTS

The adjustable mounts are a convenient means of mounting. aligning, and securely locking the optics
in position. The HP 10710A aflows ea degrees in tilt and yaw adjustment, the HP 10 711A allows e 5
degrees in tilt and yaw adjustment. The mounts minimize the need for custom fixturing in most in­
stallations. Another unique feature allows a component to be rotated about its optical centerline
prov iding simple, time-saving installations. The HP 10710A Adjustable Mount accepts the H P 10700A
and 10701A Beam Splitters, the H P 10705A Single Beam Interferometer, and the H P 10707A Beam
Bender. The HP 10 71 1A Adjustable Mount accepts the HP 10702A linear Interferometer, any of the
HP Plane Mirror Interferometers and the HP 1071 5A Differential Interfero meter.

HP 107808 Receiver

An HP 10 7808 o ptica l receiver is requited for each measurement axis except in the case of a single
axis system using an HP 5518A Laser Head with its own bui lt-in receive r. Receivers are used to con­
vert the Doppler component of the laser beam into a measurement signal for the electronics. The
HP 10780B contains optics, a pnotodetector, and a preamplifier. POYJer requ irements range between
2.0 and 2.7 watts from an external + 15 Volt source. The H P 107808's sensitivity is factory set at
5.0 uw but can be set to its maximum of 1.5 f..lW by performing the "Receiver Alignment and Gain
Adjustment Procedure found in Section VI of this manual. POYJer and signal connections with the
system are via the 10790N8!C Receiver Cable.

Since many applications require a machine-mounted receiver, the HP 10780B was designed with the
following important features:

• Packaged in a small lightweight rugged module.

• Plast ic mounting hardware to electrically isolate the receiver from the machine and reduce
problems with heat co nduction.

• Offset aperture to allow fleXibility in mounting of the receiver (i.e., the bulk of the receiver
can be mounted above, below, right, or left of the incoming laser beam).

• An LED indicator to signal beam capture. Useful for alignment.

• Easily accessible gain adjustment potentiometer.

• Supplied with a snap-on beam target to facilitate coarse alignment.

• An available dc voltage indicative of incoming laser beam intensity. Useful for fine tuning.
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MUlT1AXIS MEASUREMENT SYSTEMS

The system is designed to measure mu ltiple axes with any combination of interferometers and retroretlec­
tors. In general, the laser measurement concepts d iscussed above apply eq ually to any rnultiaxis
measurement system (see Figure 2-16).

The multiaxts system is si mi lar to the basic measuremen t system with the exception that a beam splitter
is introduced in the laser beam to prov ide a second axis of measurement. The X and Y axes are com pletely
independent and generate separate measurement signals. These X and Y measurement signals are
compared ind ividually to the reference signal by the elect ronics to prov ide d isplacement data fo r
measurement o r co ntrol applicatio ns. Addit ional beam splitte rs can be Introduced along w ith co rrespond­
ing interfero meters, reflectors, and receivers to allow up to four axes.

TOR

s

Y AXIS RETRaREFLECTaR

I I
Y .... XIS INTERFEROMETER

.L
Y .... XIS RECEIVER

M "'" - y .... XIS ME....SUREMENT SIGNAL TO ELEC TRONIC

LA SER / "'"
H BEA M SPLITTER X .... XIS X .... XIS

x AXIS INTERFEROMETER RETROREFlEC
• RECEIVER

X AX IS MEA SUREMENT SIGNAL TO ELEC TRONICS

Figure 2-16. Mulriaxis Measurement System

NOTE

The sum of axes length should not exceed 40 metres (1 30 feet).

ElECTRON IC COMPONENTS

HP 5507NB Laser Position Transducer Electron ics

The H P 550 7A,!B Laser Posit io n Transducer Electron ics consists of a main chassis, a power supply, an
H P-IB Interface board, and a fan. The main chassis serves as a backplane for inte rconnecting up to six
function boards plus the H P 10946B Automatic Compensation board with the Hp·I B Board and the power
supply.
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BACkPlANE CIRCUITRY

The backplane provides power and signal flow paths for function boards insta lled in the main chassis. It
allows comm unication between boards by effectively becoming an extension of the controller board 's
memory space. The backpla ne is completely asynchronous, and uses a distributed technique for arbitration
between contending backplane controller boards re.g., the HP-IB board).

HP-IB CIRCUITS

The HP-IB board is the interface betweem the system co ntro ller and the HP 550 7N B function boards. It
meets IEEE-4BB, IEEE· 72B, and IEEE-P754 standards for general purpose instrument programming. It
accepts command and data mnemonics, accompanied by numeric data, and channe ls the data o r
commands to the appropriate HP 5507N B boards.

W hen the HP 550 7N B is fi rst powered up, the H P-IB board performs board and system level self tests
and bui lds up an internal tab le o f installed boards. Th is table all ows the HP-IB board to accommodate
any system co nfigurat io n automatically.

The o nly external input to the HP-IB board is a standard IEEE-4BB connecto r on the H P 5507NB rear
panel. A reset key on the front panel commands the H P-lB board to issue a soft reset, capable of clearing
error conditions and returning certai n variables to the ir power-up state.

HP 10932AAxis Board (HP 5507NB O ption 032)

The HP 10932A Axis Board is the prime interface to the user 's servo control loop. The boa rd combines the
reference signal from a laser head w ith fringe counts from an HP 107BOB M easurement Receiver or an
HP 55 1BA internal receiver and generates useful velocity, position and position error Signals. Connectors,
located on both the top edge of each axis board and the HP 5507NB rear panel, allow internal and external
access to these signals for connection to o ther electronics (servo loop, data capture, etcj.

Each board in the HP 5507NB backplane is individually programmed and may be operated independently
of the others. For example, different axis boards in the backplane may be programmed to read o ut in
d ifferent va units at different t imes, w ith each axis using a different kind of optical setup and different
W .O .l. (W avelength o f Light) compensation index. Measurement errors on o ne axis may be reset
independently of the other axes.

HP 10936A Servo-Axis Board (HP 5507N B Option 036)

The H P 10936A Servo-Axis Board eliminates the need for custom servo electronics. It is a complete,
high -performance servo feed back system. The boa rd does the followtng:

• combines the reference and measurement signals to produce a position value,

• generates a reference pos ition from programmable destination, velocity, acceleration, and
delta acceleration values,

• combi nes the position and reference pos ition values with servo compensat io n terms and
feedforward terms to produce a motor d rive signal, and

• stores real-time data for servo system analysis and o pt imizat ion.

Servo-axis boards may be linked together for synchronized mult i-axis moves, or each may be operated
independently. The maximum number of boards that may be used (a nd linked) is fou r for the HP 5507A
o r six Ior the HP 5507B. Additionall y, an on-board t e-blt binary interface enables high-speed communica­
t ion between a control computer and the entire HP 5507B (the HP-I B board is an additional communica­
tion path and must remain in the HP 5507B).
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HP 10941A Prototyping Kit

The HP 10941 A Prototyping Kit faci litates custom designed circuitry in the HP 5507AlB laser Position
Transducer Electronics. Approximately 219 square centimeters (34 square inches)of prototyping area
(75% power-grtdded) is supplied for breadboarding and testing of circuitry in actual use. The
Prototvptng Kit incl ud es an extender board, prototyping board, and two cables (75 mm and 255 mrn)
to conned 10 an axis board . Since ,111 designs use th e same interlace circuitry for the backp lane
communication, these circuits Me factory loaded on the prototyping board. Inpul and output data (up
to 64 bits each) are controll able by the HP S507A!B's HP-IB, the binary interface on an HP 10936A!B
Servo-Axis Board . or the seri al and parallel port s on an HP 109J4A A-Quad-B Ax is Board.

HP 10946B/ C Automatic Compensat ion Board (HP 5507A/B Option 046)

The HP 1094bB/C Automatic Compensation board provides both absolute and di fferential compensa­
tion numbers that C,1O be used by the HP 5507AlB electronics.

The HP 1094bB/C Automatic Compensation board can receive analog temperature, pressure, and
humidity information from off- board sensors. It converts th is info rmation into absolute wavelength-of­
light or total compensation number data. Th e off-board sensors used are the HP 107SAIB Ai r Sensor
and the HP 10757AlB/C Material temperature Sensor.

The Automatic Compensation board can also recei ve a Signal froman HP 1D78DB/OFReceiverinstalled
on the HP 10717A Wavelength Tracker axis. It uses this slgnal. and the reference signal generated by
the system laser head, to track wavelength changes. The result of this operation is combi ned with
material temperature sensor information and used to update the Wavelength Track ing Compensation
number.

The Automatic Compensation board recognlaes commands that execute the following fu nctions:

• Enable or disable sensors on selected channels

• Enable or disable the w avelength Tracking function

• Read/write th e pressure, temperorure. humidi ty, and coefficient of expansion values (wri ti ng
values allows manual compensati on without usi ng look-up tables).

• Read the Wavelength Tracking and total compensation numbers and the board 's status.

• Set the measurement units (English of metric).

The board also recognizes service-related commands that read/write the reference values. calibrate the
board. and read the channel voltages.

HP 10934A A-Quad-B Axis Board

The HP 1D934AA-Quad-B Ax is Board provides a simple interface between an HP laser interferometer
system and a CNC/NC controller. The board does the following:

• It keeps tra ck of positi on (like an axls hoard).

• It automatically monitors the environmental compensation number (from a compensation
board).

• It combi nes position, compensation, offsets, uni ts conversion, and deadpath correction to
generate A-qaud-B or up/down pulses.
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• It is capable of including geometric correction o ffsets in its output pulse stream (requires an
external computer).

• It provides two RS-232C seri al ports and an 8-bit parallel port for the HP 5507NB Laser
Position Transducer.

• It stores its setup in formation in non-vo lati le storage for operation without a permanent
connection to a control computer.
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SECTION III
HP 5507A/B INPUTS AND OUTPUTS

FOR POSITION SENSING/CONTROL (H ARD W ARE)

INTRODUCTION

This section contains details on the hardware and information on how to use the HP 5507NB outputs
for posit ion sensing and co ntrol in a varietyofappl ications. The section is organi zed mostly as reference
materia l, however, suggestions and examples are given along the way to aid system designers. The
information is divided into the fol lowing eight subsections.

• BACKPLANE BAStCS. Descri bes power and signa l now paths, fu nction board addressing and
mailboxes, and bus arbitration.

• HP-IB BOARD. Discusses the hard ware interface ca pabil ities, the power-up self- test, warm-up
operation, and data rate ca pabilities.

• HP 10932A/B AXI S BOAR D. Desrrtbes both the intern al and rear pane l hardware inputs and
outputs.

• HP 10934AA-QUA D-B AX IS BOARD. Describes the hardware interface setu p, the a-bit parallel
interface handshaking, and the internal and rear-panel hardware inputs and outputs.

• HP 10936AIB SERVO-AXIS BOARD. Describes the Binary Interface handshaki ng and data
transfer, the rear panel inputs and outputs, and the inter-servo si gnals.

• HP 10941 A PROTOTYP ING KIT. Describes the signals avai lable on the prototyping board and
their intended use.

• HP 10946B/C AUTOMATIC COMPENSATION BOAR D. Describes the basic operation and
covers its seven rear panel connectors.

• CABLI NG. Describes the cables required and their part numbers. Connection to servo systems is
also covered.

• ELECTRONICS INTE RFACE EXAMPLES. Gives the details of digital system interconnections, and
analog servo loop interconnections.

Figt/re 3- ' shows the location of all rear panel connectors for a four axis HP S507NB. The enclosed
color coded stickers are provided to label all cables and connectors for easy identifi cation.

HP 5507A!B BACKPLANE BASICS

The transd ucer backplane provides power and signa l flow paths (busses) for the boards installed in the
HP SS07A/B system frame. It consists of 8 data lines, 14 address lines, and several bus control lines.
The bus is bidi rectionaland is si mila r in detail to commonly used microprocessorbusses. The transducer
backplane communicates between boards by effectively becomi ng an extension of the controller
board's memory space.

Each function board plugged into the backplane is assigned a uni que address (see Table J- 1l . There
are 16 possible addresses that occupy 16Kbytes (14 address lines) of the controll er's memory space.

Ea ch board 's 1Kof memory space is called its mailbox. The contro ll er wil l read or write port ions
of this "memory" in order to communi cate with the board. During init ialization, ea ch fun ction
board fill s part of its mailbox with the board name and a mnemonic list. The controll er will
then read this information from all boards and buil d a compl ete Ji st of allowed mnemonics and
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addresses for the current co nfigurat ion. Some boards may have few mnemonics and only need a
minima l mailbox (mnemonic list in ROM and a few registers for da ta and co mma nd transfers).
Other boards may need to transfer many data items and could use 512 bytes of RAM for a mailbox.
In either case however, the same bus protocol will be followed by the controller in communicating
with the boards.

That protocol includes gaining access to the backplane itself. A bus arbitration method accom­
modates multiple controllers on the bus. To access the backplane, a controller must activate the
bus request line (a semi-analog signal ind icating how ma ny controllers want to use the bus) and
ve rify that the bus is not already in use. If it is, the n the requesting controller must rele ase the bus
req ue st and wait a few micro se conds befo re trying again. Otherwise, the controller is free to use
the bu s, but shou ld relea se b us re q ues t when it is done so o ther co ntrollers, if prese nt, ca n gain ac­
ce ss.

O nce b ackp la ne a ccess is a cquired , fla gs within the m a ilbo xes are used to a rb it ra te between a
fun ction boa rd 's proce ssor a nd the co ntro lle r board.

Table 3-1. Function Board Address Swirch Seffings

SWITCH SETTING MNEMONIC
(Binary)(U PREFIXlt) f UNCTION BOARD ASSIGNMENT

0000 K Reserved for future use

000' l Reserved for future lise

00'0 M Reserved for future use

0011 N Reserved for future use

oroo" 0 Prototyp ing board

0101 P Prototyping board

011 0 Q Prototyping hoa rd

0111 R Prototy ping board

' 000 S Co mpensation, Axis, or Servo-Axis board

' 00' T Compensation, Axis, or Servo-Axis board

101 0 U Compensation, Axis, or Servo-Axis board

10 11f' V Compensation, Axis, or Servo-Axis board

1100(5) W Axis or Servo-Axis board

11 01m X Axis or Servo-Axis board

11 10(31 Y Axis or Servo-Axis board

11 11 (" ~ Z Axis or Servo-Ads board

t Throughou t the manual an asteris k (. ) will be used to represent this mnem onic prefix.

It factory set switch setting for th e prototyping and compensation boards .

I ' ) Refer to ea ch board subsection for actual switch sett ing as the mos t s ignificant bit of the address
for the Axis board, and the two most signifiu nt bits of both the Compensation an d Prototyping
boards are hardwired.

12) Factory switch setti ng of both a single-axis system and the first Axis board or Servo-Axis board of a
multi.vds HP 5507A

13( Factory switch setting of the second Axis board or Servo-Axis board installed in a multiaxis system.

141 Factory switch setting of the th ird Axis board or Servo-Axis board installed in ,1 mult taxts system.

(5) Factory Sw itch sett ing of the fourth Axis board or Servo-Axis board installed in ,1 multiaxis system.
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HP-IB BOARD

The HP-I B board is a dual-purpose board. first, it frequency-multiplies the laser head's reference
signal and puts the resulting signal on the backplane. Second, it provides a communication channel
be tween HP 5507A function boards and an external controller. The interface is designed to meet
IEE E-488, IEEE-728, and IEE E-P754 standards for general purpose instrument programming.

When the HP 5507A is first powered up, the HP-IB board performs card and system level self tests
and builds up an internal table of installed boards. This table allows the HP-IB board to accom­
modate any system configuration without specia l programming.

The only external hardware input to the HP-IB board is a standard lEEE-488 connector on the
HP 5507A rear panel (See Figure 3-2). A Reset key on the transducer front panel commands the
HP-IB board to issue a soft rese t, capable of d earing error conditions and returning certa in variables
to their power-up state.

Summary of HP-IB Standards

IEEE-488 STANDARDS

The Hp·IB board furnishes the following IEEE-4 88 interface fu nctions:

SH1 Source Handshake capability

AHl Acceptor Handshake capability

T2 Talker, Seria l Poll, no Talk Only

no No Extended Address Talker

l2 listener, no listen Only

LEO No Extended Address listener

SRl Seria l Poll capability

RlO No Remote-local capabili ty

PPO No Paralle l Poll capabil ity

DCl Device Clear, Selected Device Clear

DT1 Device Trigger capability

CO No Controller capability

IEEE-728 STANDARDS

The HP 5507A is compatible with the following IEH -728 Instrument Programming Standards (refer
to Section IV for a description of the standard).

Program Message Header Type: HRJ
Numeric Input Format: NR1, NR2, NRJ, BDfA, BDFD
Numeric Output Format: NR1, NR2, BOFA, BOfD

IEEE-P754 STANDARDS

All block data forma ts use eight IEH-P754 floating point data bytes (double precision) .

Description of IEEE-488 Standards

The capabilities of a device connected to the HP-IB bus are specified by its interface funct ion. These
func tions provide the means for a device to rece ive, process, and send messages over the HP-IB bus .
Table 3-2 lists the HP-I B interface funct ions defined by the IEEE 488-1978 standa rd. A subset identifie r,
the interface function mnemonic followed by a number, indicates the specific HP-IB interface funct ion
capabilities of the HP 5507A. A brief subset description is also listed .
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,
SIG"'AL GROUND OJ SHIELD_CONNECT TO

EARTH
p ia TWISTED PAIR WITH 11 ffi ATN GROUN D
Pia TWISTED PAIR W ITH 10 " SRQ

SHOULD BE GROUNDED
PIa TWiSTE D PAIR WITH 9

~
NEAR TERMINATION IFe
OF OTHEA WIRE OF PtQ TW ISTED PAIR WITH 8 PII QAe
TWISTED PAIR

Pi a TW ISTE D PAIR WITH 7 CD NRF O

PIQ TWISTED PAIR WITH 6 rn OAV

REN en EO'

0106 CD 0104

0107 CD 0 103

0106 l1J 0 102

0 105 G 0101

TYPE 57 I,,"UCRQRISBON
CONNECTOR

Loqrc Level s:

The Hewlett-Packard Interface Bus log ic levels are TTL compat ible . t.e.. the
true n l slate is 0,0 v ee and the raise 10' state is +2.5 vee to +5.0 Vdc .

Mating Connector '

HP 1251-0293; Amphenol 57-30240

Mating Cables Available'

HP 10833A 1,0 metre 3 leel '
HP 108338 2 0 metres 6 leel
HP 10833C 4 0 metres 12 leel '
HP 108330 0 .5 metre 1.5 fee l

f igu re J·2. HP-IB Connector
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Ta b le 3 2 HP 5507A IEEf 488 1978 HP 18 tntertece Function Capabi li ties

See Append IX 0 fo r a d etailed d ISCUSSio n of the HP-IB (lEEE-4881Interface co ncep t.

- - -

IEEE SUBSn

fU NCTION DESCRIPTIO N IDENTIFIER
DESC RIPnON

CODE FOR THE
HP 5>07..\

Source Provides a del/ ice with the SHl The HP 5507A can generate
Handshake capabil ity to properly transfe r message bytes.

iSH t a m ult iline message.

Acceptor Provides a device with the AHl The HP 5507A can receive
Handshak e capability to guarantee message bytes.

(AHI proper receptio n of
mu ltili ne messages .

ralker Pro vides a device with the T2 The HP 5S07A can function as
IT> ca pab ility to tra nsmi t device as a talke r and will

dependent data over the bus respond to se rial pol l.
when addressed.

Ex tended hiker capabili ty w ith addre ss TEO The HP 5S07A can not fu nction
hi ker extension ILe ., 2- byte address I. as an extended tal ker.

(TEl

li stener Provides a dev ice with the L2 The HP 5507A can fun cti o n
III ca pa b ili ty to receive device as iI lis tene r.

d epe nde nt data (includ ing status
da ta ) ove r the bus.

Extended listen capability with address LEO The HP 5507A cannot fu ncti o n
Listen extension ILe. , z-bvre address I as an extended listener.
n.s I

Se rvice Prov ides a device with th e SRl The HP 5507A can generate
Req uest capab ility to asynch rono usly a service req uest.

(SRI request service fro m th e
syste m co ntro ller.

Rem ote/ Pro vide s a device wilh the RLO The HP 5S07A has no Re mote -
l ocal ca pability to se lect bet we e n loca l capabil ity.
IRll two Input so urces: lo ca l

rfront panel connols j and
re mote unput from th e
data bus t.

Parallel Prov ides a device with the PPO The HP 5507A has no Parallel
Poll ca pability to uniquely ide nti fy Polt capabili ties.
(PPI itse lf if it req uire s se rvice

and the controller is requesti ng
a re sponse.

De vice Pro vides a dev ice with the DCl The HP 5507A supports Cle ar
Clear capabili ty to be cleared IDC l) and Selected
IDC) linit ia lize d\ 10 a p redefined De vice (SOC] co mmands.

state.

De vice Provides a de vice with the Dn The HP 5507A can be remotely
Trigge r capabili ty 10 have its basic triggered .

(Of) operation in it iated by the
talke r on the bus.

Contro ller Provides a device with the CO The HP 5507A can not function
ICI capabili ty to se nd addresse s, as a contro ller.

unive rsal commands, and addressed
commands to othe r de vices on the
HP· IB. It may also include
th e abilit y 10 cond uct
polling to dete rmine devices. .req Ulrmg servrce .

. •
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HP-IB Address Capabilities

The HP-IB address is se l la 03 at manufacture, and may be change d thro u gh a dip swit ch o n the top
edge o f the Hp·IB board . The address may be se t from 0 through 30 by sett ing the desired address
in b inary o n th is switch (re ad only durin g a " hard" reset o r power-up]. The least significant
address bit is lo cated at the e nd o f the switch closes t to the front o f the instru me nt, with the most
significant b it the fifth from the front . Logical " o nes " are in d ica ted when the sw itch levers point
awa y from the board - ze ros ar e toward the board . The three highest swit ch bits are used during
service , and mu st be set at zero fo r n o rmal ope rati on.

FRONT PANEL

•
HP-IB Bo. rd

o
1

xxxxx

MS.

\~_ _ ~ ~I \ 2~- v -
TEST 100 ,

aa 2' 2 '

Figure J.J. HP-IB Address Swifche5.

HP-IB Power-up and System Sell Test

At power· up o r fo llowing a BOOT co m m and (ha rd reset), most syste m boards perform an internal
se lf- test to ve r ify proper operation. The HP-IB board 's se ll tes t ta kes about 15 seco nds to
co m plete . During t h is time, the HP 5507A lront panel LEOs will flash to indicate the progress of the
test. If any o f th e LEOs never turn on, o r if the " Error" LED is o n and an y of the Talk, listen, o r SRQ
LEOs remain on o r flash ing after 15 seco nds have elapsed , an HP-IBo r front panel bo ard hardware
failure is ind icate d rsee Sect ion VII ).

If the Erro r LED is on , but the Talk, listen , and SRQ LEOs are off, o ne of the function boards is no t
work ing. The fault y bo ard may be pinpoi nted by send ing " CNFG ?" to the HP 5507A ove r HP· IB
and reading out the resu lting co nfigu rat io n st rin g o r by remo ving the top cove r and checking the
se lf-tes t ind icato r LEOs o n each bo ard . If any ar e o n o r flashing , o r if any neve r flash during the
self-test , that p articular board is defe ctive (se e Se ctio n VII ).

During the syste m se lf- les t period , the HP- IB board will not respond to HP-I B inputs. Fifteen
se conds after power-up, the system is co m p le t e ly ini tia lize d and will begin to wait for the Laser
Head to warm up. During thi s w ailing period, the front panel Talk, listen , and SRQ indicato rs will
cycl e untilthe laser Head outputs a sta b le referen ce signa l. HP-IB transfer o pe rat io ns are slowe d
to approximatel y two Siring tran sfers per seco nd until the laser warms up.

The instrument statu s byte may be read du ring the warm-up period via se ria l poll o r with an ISTA ?
query. The stat us byte is zero untilt he la ser Head warms up. Once this happens, the HP- IB board
se nds a soft reset to in itialize all o t he r syste m boards.

Transfer Rates

The Hp· IB board 's burst output tran sfer rate is approximatel y 35K bytes /sec. The data rate in
measurements/ sec depends on the o utp ut formal (see Sect ion IV ) and the actua l da ta va lue when
in fo rmat O. These rates ran ge from 60 measurements/sec to 1500 measu rements/sec. See Section
VIII , Speci ficatio ns , fo r the data rates cor res po ndi n g to t he d ifferenl o p e rat ing co nd itio ns.
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The burst in put dat a rate is approx imate ly 20K byte s/ sec. The ra te at wh ich the HP 5507A will
process mnemon ics though, depend s o n whi ch o nes are sen t. Most mnemon ics are proce ssed
with in 6 milliseconds, but so me will take up to 2.5 seco nd s.

HP 10932A AXIS BOARD

The axis ca rd receives the measurement signa l trom a receiver, the reference signa l from a laser
He ad and translates the fringe co unts into velocity, posit ion and posit ion error signa ls. The
measurement signal is produced by either t he HP 107808 Rece ive r or the measurement cha nne l
of an HP 5518A. The reference signal is generated by the laser head (HP 5517A, HP 55178 , o r HP
5518A] and routed to the axis boards ove r the HP 5507A backplane from the Hp· 18 board .

Each ax is board in the HP 5507A laser Position Transducer Electrontcs is individ ually programmed
and o perates independent ly.

The address of the axis board may be se t to S, T, U, V, W, X, Y. o r Z by sett ing a dip swit ch atthe top
edge o f the board as show n in figure 3-4. Each Axis board installed in an HP 5507A mu st be set to a
u niq ue address (th ro ugho ut this sectio n, the .. . " preceding a mnemonic represents the address
se lecte d by th ese DIP switches ].

FRONT PANEL

•

" / \~--------.. /- vr---~
TEST 100 1

,.
~--~V

ADDRESS I XI

AXIS BOIIrd I
I I xxxxx I I xxxxx I xxxxx I xxxxx I xxxxx I xxxxx I
I · xxxxx I I xxxxx I I I I I I
1" ,....-,-1__I I 1__1__1 I Ls.1

MS.
\ 22

o,

Figure 3- 4 A)d~ Board Addre ss 5wi/cnes

The additional sw itches are used to enter vario us se rvice modes and must be in the o ff (ze ro}
position fo r normal operation .

Basic Operation

The axis board co ns ists of the fo llowing four mai n functi onal blocks:

• Resolut ion Extension IC
• Counte r/Su btracto r IC
• Micropro cessor
• Mailbox

The measurement sig na ls (Meas Freq and X32 Ref) a re routed to the reso lut io n circ ui t co ntai ned
in a custo m Ie. Here the 5 least signif icant p osition bits are derived along with u p/ dow n pul ses.
These signa ls go to the custo m co u nte r/s ubt ractor Ie. This c hip co u nts an addit ional 26 bit s of
position informa tion . It then sub tracts a 31 b it de st ination val ue from the 31 bit p osition va lue 10
produce a 32 bu value (inc ludi ng sign ) wh ich gets docked o ut to the posit ion e rror o utp uts.

The onboard micropro cessor 's job is to co ntin uous ly (>500 Hz) read the position from the
co u nte rA u bt ract o r IC, conve rt it to the p rogra mmed un its, and check for an y error co nd itio ns . It
a lso u pda te-s th e destination register , o perat ing mode and com pe ns atio n va lue when requested .
It uves the fourth block , th e mailbox , to com m unicate w ith the ba ckplane co ntro ll e r. The mai lbox
is 01 d ual pori RAM with a softwa re sche me to prevent both the o nbo ar d processo r and the
bar kpla nr- r o ruroller fro m accessing the memory at th e same time .
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To ge the r, these four blocks co mp rise the hear! of the l ase r Position Transducer Electronics. The
position information ca n be transfe rred 10 the syste m cont ro lle r ove r HP- IB (see Sect ion IVl.
Add itionally, the position erro r ou tputs can be used for h igh speed da ta acquisition or closed loop
position contro l (re mainde r o f this subsecuom.

Rear Panel Connector

A 50 pin female co nnector, located o n the rear panel, allows for co n ne ctio ns to external
equ ipment. Example mat ing co nne cto rs are :

Amp : C hampe Con nectors
3M : Delta Ribbon Co nnectors
T & B: Ansle ye Ribbon Con nectors

~Champ is a registe re d trad e mark o f Amp
I!!JAnsley is a registered trademark o f T & B

Rear Panel Hardware Inputs

NO TE

Unless otherwise noted . hardware inputs o n the rear panel are
TTL compati ble and use a 4]K o hm pu llup resist o r. All inputs also
ha ve a 330 pF capacitor to ground to decre ase no ise and crosstalk
problems. A da sh I-I follo wing a si gnal name indi cates a
negat ive true signal.

(VIEWED FROM REAR PANEL)

ANALOG GROUND 50 25 GROUND
ANALOG VELOC I TY 49 24 E:RRal HOLD -

GROUND 48 23 GROUND
EXTtRNAL SAWl.[- 47 22 POS IT ION RE:SF:T-

GROUND 46 21 GROUND
DRIV[ [HABL[ IN- 4e 20 DR IVE ENABLE OUT-

GROUND 44 19 GROUND
POSIT ION NULL 43 18 ERROR CLOCK

GROUND 42 17 GROUND
POSITION ERROR (824) 41 16 POSIT ION ERROR (823)
POSIT ION ERROR (825) 40 15 POSI TION ERROR (822 )
POSITION ERROR (826) 39 14 POSIT ION ERROR (821)
POSIT ION ERROR (827) 38 13 POS IT ION ERROR (820 )
POSITI ON ERROR (828) 37 12 POSIT ION ERROR (819 )
POSITION ERROR (829) 36 " POSIT ION ERROR (818 )
POS ITION ERROR (830) 35 '0 POSIT ION ERROR (BIn

POSI TION ERROR (SIGN) 34 9 POSITION ERROR (8 16)
POS I TION ERROR (80) 33 8 POS ITION ERROR (8 15)
POSITION ERROR (81) 32 7 POSITION ERROR (814)
POS ITION ERROR (82) 31 6 POSIT ION ERROR (8 13)
POS IT ION ERROR (83) 30 5 POS ITION ERROR (8 12)
POSI TION ERROR (84) 29 4 POSITION ERROR (8 1) )
POS I TION ERROR (85) 28 3 POSITION ERROR (8 10)
POS I TION ER ROR (86) 27 2 POSITION ERROR (89)
POSITION ERROR (B7 ) 26 , POS ITION ERROR (B8)

Bo ld Type Ind icates Inputs

Figur e 3-5. Redr Pd flt' l Conn ector Piflo uu , /npu u
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POSITION RESET-

When pu lled low, this negat ive true line resets the positi on counter to zero with in 2.0
microsecond s. Normal count ing resumes 2.0 m icroseconds aft er the line returns to the high state.

COUNTING MAY RESUM E"

..I POSITION - 0

ma . _ J:: ~2 -" s m'"
POSI TION

POSITION RESET

figurp J-6. Pmirmn RPH' / - Timing Diagram,

DRIVE ENABLE IN -

This negative tru e line al lowsD ri ve Enable Out- to go true and act ivate the Posit ion Error outputs.
The Posit ion Error o utputs are fo rced to zero whenever Dr ive Enable In- is false tHighl. Al so see
the paragrap hs on Posit ion Erro r ou tp uts, Dri ve Enab le Out - and Error Hold- .

Drive Enable In- will act on the D rive Enable Out - with in 15 nanoseco nd s and the Positio n Error
outputs wi ll be zero within 1 m icroseco nd (provided Err or Ho ld is not asserted ).

DRIVE ENABLE IN

ERROR SITS

DRIVE ENABL E OUT

1 It S max _ , -"s ma

I\ II
15 ns max _ I- ~1 5 ns ma 1

•

figure 3-7. Drive Enable In- .md Drive Enable Oct -. Timing Diagram

ERROR HOlD-

W hen pu lled low , th is negat ive true l ine freezes the Posit ion Error outputs. Maximum response
ti me is 750 nanoseconds (o ne Erro r Clock period ) for freez ing the o utp uts and 1.4 m icroseconds
{t wo Error Clock periodsI for reenabl ing them. See Figure 3-8 for these speci f icat io ns for the
d ifferent laser heads.

Driv e Enable In- will not zero the Po sition Error ou tputs during the time they are fro zen using
Error Hold- , although Dr ive Enable Out- will st ill be forced false.
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ERROR CLOC K

ERROR HOL D

ERROR BITS

- 1-" - - "
\ \ \ I \ I

I
- CD CD .1

CD
CD
CD
CD

ERROR HOLD INPUT SET -UP TI ME

ERROR HOLD INPUT HOLD TIME

ERROR HOLD AC TIVE TO ERROR BIT S HELD

ERROR HOLD INACTIVE TO ERROR BIT S ACTIVE

HP 5517 A

60"

0"
750 ns

1.4,.. s ma x

HP 55178

60"
0",
650 ns

t z cs max

figu re' J-8. error Hold- riming Diegrem

EXTERNAL SAMPLE-

When the axis board is placed into external sample mode usi ng t he * EXT command, the External
Sample- input may be used 10 sample the positi on counter (accessed with the * PQ Sm nemo nic }
to 1.4 microseconds (see Figure 3-91of temporal accura cy. The hardwa re Position Error outputs
are nOI affected by th is sampling mode. only the software * PO S positi on output.

The External Sample- input also flags the HP-IB board that a sam ple o peral ion has occurred , and
that data may be fet ched . This flag is used when the HP-IB board is pUI in the sample handshaking
mode with the HSQ N m nemonic. See Sect ion IV for more in fo rmatio n.

100 nsI rrummu rn I1lI ~

EXT ERNAL SAMPLE I
--- 0---1-' ~02 "

1'-- _
,.

SA MPLE J
WIN DOW

CD 14",s IHP 5517A , SAMPLE POSITION OCCURRED
WITHI N SAMPLE WINDOW

13 "'S ,HP 55178 .

fi gurt> 3-9. ExIt' rrJal Sdmplt>- r im ing Diagram
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Rear Panel Hardware Outputs

NOTE

All rear pan e l hard wa re o utp uts are TT L co mpatible and may
drive a prope rly termi nated shielded flat cable up to 3 met re s
long . See f igure 3- 10 for reco mme nded te rmination . Ad ash (-)
following a sig nal name indicate s a negative t ru e signal.

+'

33011

2201105 to 3M

REA R PANE L I" r-,
OUTPUTS r-'-- - ------'------.--- -1V - -

L STT L GATE

~7

CABL E TERM INATION MAY NOT BE REQUIR ED
FOR CABLES lESS THAN 05M

f igure J-lO. Rf!Co m m end ed J MNn." Cdble Te rm rnafron

(V IEWED FROM RE AR PANEL)

ANALOG llROUND 68
ANALOG VELOCI7Y 49

OROU<D 48
EX TERN AL SAMPLE- 47

OROU<D 46
DR IVE ENABLE IN- 45

OROU<D 44
POSI7ION NULL 43

GRaHl 42
POSI7ION ERROR (924) 41
POSI7ION t:RRaI (926) 48
POSI7ION ERROR (926) 39
POSI7ION t:RRaI 1927l 38
POSI7ION ERROR 19281 37
POSI7ION ERROR (926) 38
POSI7ION t:RRaI 163.) 36

POSI7ION t:RRaI lSIOH) M
POSI7ION ERROR lBel 33
POSI7ION ERROR lBIl 32
POSI7ION ERROR 1921 31
POSI7ION ERROR (63) 3.
POSI7ION ERROR (64) 29
POSI7ION ERROR (66) 28
POSI7 ION ERROR lB6) 27
POSI7ION ERROR lB71 26

26 OROU<D
24 ERROR HOLD­
23 OROU<D
22 POSITI ON RESET­
21 OROU<D
2. DRIVE ENABLE OUT­
19 GRaHl
18 t:RRaI a.0CI<
17 GRaHl
18 POSI7ION t:RRaI 19231
16 POSI7ION t:RRaI 19221
14 POSI7ION t:RRaI 1921l
13 POS 17 ION t:RRaI 19281
12 POSI7ION ERROR lBI91
II POSI7ION t:RRaI lBI81
I' POSI7ION t:RRaI lBI7l
9 POSI7ION t:RRaI lBI81
8 POSI7ION t:RRaI lBI61
7 POSI7ION t:RRaI 19141
8 POSI7ION t:RRaI lBI31
6 POSI7ION t:RRaI lBI21
4 POSI7ION t:RRaI lBI11
3 POSI7ION t:RRaI lBI.l
2 POSI7ION ERROR lBSl
I POSI7ION ERROR l B8 1

Bold Type Ind icates Outpuls

Figure J· l 1. Rear Panf'1 Connector Pinouts, O utputs
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ERROR CLOCk

Thi s signal ma y be used to synch ro ni ze externa l equipmen t to Positi on Error outp ut transitions.
The Po sit io n Error outp uts w ill change within +25 nano seconds o f the Error C lock low-to-high
transit ion. The Error Clock has a 75% duty cycl e frequency and m ay vary from 1.5 to 2.0 MHz wh en
using the HP 551 7A La ser Head or from 1.9 to 2.4 M Hz when using the H P5517B La ser H ead . Err o r
Clo ck may be u sed 10 drive up 10 10 l STTL lo ad s. The ind iv idual Error Clock ou tp uts of ax is boards
within the HP 5507A are the same frequency but are unrelated in phase.

Sampling the Position Error outputs on the Error C lock high-to-l ow transition is recommended.

(;) -
t (;) • -

~ (;)

FERROR CLOC K \ I \ \ I
ERROR BIT S I I I I

5517A 55178 ~ E25 "' ma x. ·25 ",rrun
Rear Connector ,

MIN 500 ns 41 0 ns
~ - 85 ns rnaa. - 25 ns min .r cc Connector

(;)
MAX 670 ns 560 ns

(j)
MIN 350 ns 265 ns

MAX 520 ns 440 ns

(j)
MI N 100 ns 80 ns

MAX 175 ns 150 ns

Figure J-12. Error Clock riming Diilgrilm

DRIVE ENABLE OUT-

Drive Enable O ut- may be used to d isa b le the dr ive circui try of t he stage act uator to pro tectt he
stage in case of measurement errors l in add it ion to thi s protecti on . it is good practi ce to also use
m echanical li m it switchesI. The fo ll owing cond it ions for ce Dr ive Enable Out- false (high):

a. Power-up initiati zat ion or system BO OT co mmand.

b. An HP-JB Drive Off (* DRO) command.

c. A measuremen t error on thi s axis.

d . Positi on counter over/ underflo w error on thi s axis.

e. If in Error Mode 1 (* EM 11, any o ther system or pro gra mming error .

f. The Drive Enab le In- he ld high o r fl oal ing tfalse r

NOTE

The hardware Posit ion Erro r outputs are fo rced 10 zero wh en ­
ever Dri ve Enable Out- is false . u nless Error Hold - has been
assert ed to freeze them at their cu rrent value.

The only way to set D ri ve Enable Out - rr ue dow r is with th e * DRl co mmand (pro vid ed none o f
th e above co nditio ns are true }, See Figure 3-7 for Dri ve Enable Out - Timing Diagram.

Drive Enable OU I- can d ri ve up to 8 l 5TTl load'> .
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DRIVE ENABL E IN "'-
./

°DR 1
I

SET r-,
0 V

DRIVE ENABLE OUT

"RESET
HAR D RESET
I POWER-UP OR BOOT ,

'ORO ~

OVERFLOW >-EASUREMENT -ROR

STEM ERROR
}-

ERROR MODE

M
ER

SY

Figure 3-13. Drive i rubte Our-logic Diagram

POSITION NUll

The Posit ion Null o utput line is true rhtgtu whenever the position error is smaller than the lim it set
by the Null Mask spe cifie r , - NUL Po sition Null ou tp ut tr ansitio ns occu r o n the rising edge of
Error Clock , o ne clock cycle earlier than the correspo nd in g Po sit io n Err or output state which
caused it to occu r. The null fu nct io n can be used to signal that the stage is close to its destination .

Positio n Null ca n dr ive up to 8 lSTTl loads.

~NUL L<NUllx~NULL
ERRO R BITS----...,r--:::::-;;-;---V--:::::-;;-;---'r--::-:-:c:-:-~.-

,REAR X X'-_ '-'.o-_ ..../L-CO NNECTOR , '- ..JI ---'

1

ERROR CLOCK

POSITION NULL

\ \ \ I \ I

OOnsmu _ - - !- loo ns max

Fi1(ure 3-1 4. Pmilion Null Timing Diegrem

PO SITI O N ERROR

The Posit ion Err or out pu t hnes give a 32-bit sign-mag nitude o r two's co mple me nt rep rese nta tio n
of the diffe ren ce be lween the po sit ion co u nte r and the d estinatio n register. updated at the Error
Clock rate (1.5 to 2.0 MHz when using the HP 5517A laser Head and 1.9 to 2.4 MH z when using the
HP 55178 l aser Hea d ). Not e that a lthough the destina tion has b ee n compe nsated fo r WO l , th is
d ifference is no t. The least -sfg nlfl cant Posit ion Error bit re prese nts a d ifference o f ,1..1128 when
using plane mirror o pucs or A/64 with cu be corner o ptics.
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The Position Error outputs chan ge within ±25 nanoseconds of the ri sing edge of Error C lock
(Figure 3-12 ) and are for ced to zero whenever the Drive Enable Out-line is false Ih igh ). See the
description o f the Dr ive Enable li nes for more informat ion.

The Position Error o utputs may be held at any value indefinite ly by pulling the Error Hold- input
low. The outputs w ill stabi lize with in one Error Clock cycle.

The Position Error outputs can drive up 10 10 lSTTl loads.

Cl ipping

The word width may be reduced from 32 bus to any size between 8 and 20 bits. When thiso ptio n
is programmed , the selected low order bits functi on normall y until their range is exceeded , at
whi ch point the y reta in thei r maximum value (h igh order bits are unaffected ). This feature
matches the HP 5507A outputs 10 most servo syste ms (see example in Figure 3-28 1. Figure 3· 15
graphica lly illustrates thi s operation.

POSITION ERROR OU TPUTS
•BIT S 0 THROUG H 11
PLUS SIG N

Solid li ne corresponds to exrs
board programmed to r "C t.P 12

Dolled line is how selected bits
wo uld beha ve witho ut c li p ping
pr ogram med .

Figu r£> 3- 15. Pm il i on Error O ut pur Clipping

Axis Bou d Position Error Data Formal

The Position Error output lines may be switched to two 's complement representation or sign ­
magnitude representation with the * TCP and * 5M G com mands, respectivel y. The Axis Board
powers up in two's compl ement mode.

........... .. ..
I ISign Bit Bit Bil I Bil I Bit Bit Bit

Bit 30 29 I 4 I 3 I 2 1 I 0
.... .. ......... I I I I

MSB LSB

When in sign -magnitude or two's-complement formal , the si gn bi t is high when the Position
Error is nega tive.
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ANALOG VELOCITY AND GROUND

The Analog Vel ocity o utp ut line is a bipolar analog signal which is proportional to the ve locity of
motion . An Analog Ground line is used to keep digi tal noise and ground cu rre n ts from
comp ro mising accuracy.

Output scaling is 197 mV pe r em per second +20% when using p lane mir ror optics (98 mV/ cm/ se c
±20% with linear or sing le beam optics ). Residual offset at zero ve locity is less than 20 mV, and in ­
b and no ise is less tha n ±40 mV (see sped Ilcattons j. The ou tput is fil tered with two poles at t 0 kHz,
and has a 464 ohm se ries resl sran ce for sho rt circu it protection .

Inte rnal (A"is Inter-Card) Connector

GENERAL

A co n necto r o n the top edge of each axis board allows co nnectio ns be twee n boards within the HP
5507A. The mating co nnector is 3M 3425-6050. Signals o n the 50 pin connector are simil ar to tho se
provided o n the rear panel con nector, with a few important ex ceptions .

The major difference is the absence o f o utp ut latches on the Position Error lines , resulting in no
Error Hold capab il ity and less delay o f the Position Error data (o ne less Error Clo ck cycle ) relative
to the Position Null and Dr ive Enable lines.

ERROR CLOCk

This si gnal is the sa me as the Error Clock si gnal o n the rear panel co n ne cto r.

DRIVE ENABLE IN- AND O UT-

These signals are identical to those on the rear panel connector.

POSITION NULL O UTPUT

This si gnal is ide ntical 10 the one o n the rear panel co nnector except it o ccu rs on the same error
clock cycle as the corresponding Position Err or output.

ANALOG VELOCITY AND ANALOG GROUND OUTPUTS

These signa ls are ide nt ical to those on the rear panel co nnecto r.

POSITION RESET- AND EXTERNAL SAMPLE- INPUTS

These inp uts are identi cal to th m.e on the rear panel co nnecto r.

PO SITIO N ERROR OUTPUTS

As noted above , the Position Error o ut puts are not latched , and thus ap pear o ne Error Clo ck cycle
ea rlier relative to the o the r o utp ut signals .

CAUTION

The Position Error outputs on this connecter are nol buffered,
and can only drive two LsnL le ads and 12 inc hes of nil. ca ble.
Care must be taken not 10 shari circ uillhese signals, asex pensfve
board damage may result.
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(S IG N)
( B29)
(B27)
( B25 )

( 8 23)
( 8 2 1 )
( 8 19)
(BI7)
(BI5)
( B13)
( B11 )

( B9)
(B7)
(B5)
( B3 )

( B I )

ERROR
ERROR
ERROR
ERROR

ERROR
ERROR

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

BOARD EDGE

ION
ION
ION
ION
ION
ION
ION
ION
ION
ION
ION
ION
ION
ION
ION
ION
D
ION NUL L

D
ENABLE IN­

D
NAL 5AWl[­
D
G VELOC I TY

G GROUND

V
1 26 POS IT
2 27 POSIT

3 28 POSIT
4 29 POSI T

5 3 " POSIT
6 31 POS IT
7 32 POSIT

8 33 POS IT

9 34 POSIT

1" 35 POSIT

11 3 6 POS IT
12 37 POSIT
13 3 8 POS IT
14 39 POSI T
15 4" POS! T
16 4 1 POSIT

17 42 GRQUN
18 43 POSI T
19 4 4 GROUN

2" 45 DRIVE
2 1 46 GROUN
22 4 7 EXTER
23 48 GROUN
2 4 49 ANALO
25 5 " ANALO

POSITION ERROR (830 )
POSITI ON ERROR (826 )
POSITI ON [RROR (826 )
POSITI ON ERROR (824 )
POSITION ERROR (822)
POSITION ERROR (820 )
POSITION ERROR (BI B)
POSITION ERROR (816)
POSITION ERROR (8 14)
POSITION ERROR (812 )
POSITI ON ERROR (810)

POSITION ERROR (88)
POSI TION ERROR (86)
POS I TION ERROR (84)
POSI TION ERROR (B2 )
POSITION ERROR (80 )

GROUND

ERROR CLOCK
GROUND

DRI VE ENABLE OUT­
GROUND

POS I TION RESET­
GROUND

DESTINATION WRITE­
TCP /SMG-

Figure 3 -1 Sa . H P 109J2A/8 Inter-Card Connector Pinouts

DESTINATION WRITE· OUTPUT

The Destination Write- O utpu t is a decoded write pulse w hich strobes a new destination value into the
Position Error subtracter . It is an active- low output approximately 260 nanoseconds long and may be used
to signal o ther ci rcuitry that the stage may be starting to slew to a new position . The Destination Write­
Output is not present on the rear panel and can d rive B l 5TIl loads.

TCP/SMG· OUTPUT

This line indicates t he position error output data format. TIL high (+ 3Vl indicates two 's com plement
cod ing and low (OV) indicates sign-m agnitude. It is unbuffered and can d rive on ly 2 lSn l loads.
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HP 10934A A-QUAD-B AXIS BOARD

The HP 10934A A·Quad-BAxi~ Boord monitors the reference (from a lase r head) and measurement (from
a laser receive r) signals to measure position changes. These measu rement changes are accumu lated,
conve rted to English or Metric units, and the n output as pulse or quadrature signals.

The$E! output signals can be automatically compensated fo r wavelength-of-light changes by use of an
HP 10946 B/C Automatic Compensation Board with eithe r an HP 10751 A,lB Air Sensor or an HP 10 71 7A
Wavelength Tracke r. Add itionally, HP 10757A,1B/C Material Sensors a re avai lable to co mpensate fo r
material temperature variations. Each A-Quad-B Axi~ board also accepts a co mpensa tion offset number
that affects o nly that axts (used for minor scaling adjustments to each axis).

To enable operatio n without a permanent connectio n to a contro l compute r, the A-Q uad-B Axis board
stores a ll of its setu p information in non-volatile ~torage . Once saved, the boa rd will powe r-up with the
user's settings instead of the factory serttngs.

The board also provides three add itional inte rfaces (two RS-232C serial and o ne 8-b it parallel) to the
HP 5507NB. Any of these inte rfaces may be used at any time to set o r req uest any informat io n from any
function board insta lled in the HP 5507N B.

Basic Operation

Figure 3·15b is a simpl ified block-d iagram of the HP 10934A A-Quad-B Axi~ Board . The A-Quad-B Axis
Board consists of the fo llowing six main functional bloc ks:

• Axis Circu its

• Data Conve rsion

• Pulse Generation

• Backplane Interface

• Microprocesso r, ROM and RAM

• VO Circuits

Refe re nce (from a laser head) and measurement (from a laser receiver) signals enter the Ax i~ Circuits block
where they are used to derive a raw laser -positio n signal. This sfgnal is routed to the Data Conversion
block, cond itio ned with units conversio n and compensation, and sent to the Pulse Generation block.

The Pulse Generation block converts the Data Conversio n block output to e ither A-Quad -B or Up/Down
Pulse data signals as programmed by the Processor Core block. The Axis Circu its, Data Conversion, and
Pulse Generation blocks are continuously moni tored and co ntro lled by the Processor Core block.

The HP 5507N B Backplane Interface block controls the inte raction between the A-Quad-B Ax is Board
loca l bus and the HP 5507NB backplane. Measu rement commands/data a re managed and buffered via
this interface.
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SIGNAL
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RS-232C SERIAL
a-BIT PARALlel
STATUS
CONTROL

Figure 3-15b. HP 10934A Simplified Block Diagram

The Processo r Core consists of a Micro processo r, RO M, and RAM . It receives , stores, processes, and
transmits informatio n (commands and datal that a rrive from the othe r five blocks of the A-Q uad- B Ax is
Board . This block performs a ll c nboa rd programmable o perations, manages local ho usekeeping activities,
and supervises backplane I/O o pe rauoos. This bloc k communicates with the othe r five blocks via the local
data bus.

The I/O Circuits bloc k provides the A-Quad -B Axis Board w ith Status, Control, and Para lle l/Se ria l data
path ways for exte rnal data communicatio n. This block conve rts informatio n on the loca l data bus into
RS-232C, 8-bit pa rallel data protocols, and provides status infor mation.

Hardware Co nfiguration

Eight switches in the upper left corne r of t he board set the board 's backplane add ress, test mode, setup
mode, and default data rate for serial port A as listed in Table 3-3 . (the listed switch functio ns and numbers
correspond to the same switc h functions as depicted in Figure 4E-1 of Section 4E.1Moving a sw itc h lever
to the O PEN positio n (away from the circuit board) corresponds with a logic 1 and selects the specified
functio n.

hblTa e 3-3 . HP 10934A Confi2urafion Swire Functions

Mainframe Backplane Test Setup Serial Port A
Select Address Mod, Enable Baud Rate

0 7 D6 I DS I D4 OJ D1 Dl DO

MSB l SB

Mainframe select

This SWitch is used w hen o ne pa rallel interface con nects w ith two A-Q uad-B board s that each have the
same backpla ne add ress in separate HP 5507s. Se t it to a 1 in o ne box and a 0 in the o ther. It is the MSB
of the paralle l port 's a-bit address bus.

Backplane Address

These three sw itc hes se t the backplane add ress and are the lower three bits of the paralle l port 's a -bit
address bus. The sw itches ca n be set to a through 7 binary co rrespond ing to backplane addresses 5 through
Z (substitu te the letter in place of the N * N found in mnemonic descri ptions thro ughout this manua l).
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Test Mode

Set this switch to 0 for normal operation o r ·1" fo r a special service test mode.

Setup Enable

!h i ~ switch enables (set .to 1) o r disables (se t to 0) changes to the board 's setup information. When se tup
IS disabled, the board will not accept changes to the following mnemon ics (see Section 4E for descriptions
of eac h mnemonic):

- AVS, '" CMO, '" OIR, '" OPO, - KHZ, -MPO, - O PT, - PUN, -QAO, - RES, '" WCM

Additionally the -MEX, - MI N, and '" SAY commands will be disabled. When se tup is enabled, the board
w ill acce pt changes to the above mnemonics and commands.

W he n the A-Quad -B Ax is boa rd goes through its hard reset (power-up or BOOn cycle with setup enabled,
se ria l port A ts set to e ight bits per characte r, 1.5 stop bits, even par ity and echo o n. The baud rate is set
by switches 0 1 and DO (see Serial A Baud Rate). W hen a hard reset executes with setup disa bled, serial
port A is se t acco rd ing to the -SAM and '"5AR mnemonic values tha t have been saved in EEPRQNI by the
'" SAY command .

Retur n the se tup enable switch to the d isable (0) position after programming the se tup parameter s and
issuing the -SAY command (a lso see '" TST 254 in section 4E).

Seria l A Baud Rate

These two switches set the baud rate for seria l port A during setu p only. After setup (Setup Enable switch
returned to the disable position), the seria l-port A baud rate is determined by the data stored in EEPROf...t
To be effective, these switches must be set pr ior to turning on the HP 550 7, or a hard reset (BOOT
command o r rese t switch on HP-IB board) must be issued. Switch settings and baud rate a re related as
fo llows:

Dl DO 8.l1ud

0 0 300

0 1 1200

1 0 2400

1 1 9600

Voltage Select Jumper

The HP l 0934A supports thr ee logic voltages, 5V, 12V, and 24 V. The jumper block in the lower left
ha nd corner of the board must be set to the voltage in use . The factory setting Is +24V (jumper o n the
left). Move the jumper to the cente r for + 12V operation, and to the right fo r + 5V (HP 5507 B O pt. 01 2
and 005). Input Transition voltages are approximately 2V, BV, and 14V fo r the three voltage settings.
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Rear Panel Connector

A 50 pin female connector, located on the rear panel, allows for connections to external equipment.
Example mating connectors are:

• Amp: Cham p® Connectors (57-])500-2 )

• 3M : Delta Ribbon Connectors

• T&B: Ansley® Ribbon Connectors

• TRW: TRW-S7-305()()"375

• HP: 1251-76 73 Connector and 1251-0170 Bushing

®Champ is a registered trademark of Amp.
®Ansley is a registered trademark of T&B.

Rear-Panel Hardware Inputs/Outputs

The fcncwlng paragraphs descr ibe the rear-panel hardware inputs and outputs for the HP 10934A
A-Quad-B Axis Board. Figure 3-15c shows the rear-panel connector pinout.

All optically isolated inputs (START- , STOP-, ERROR_RE SET- , AXIS_INITIALIZE- , PRESET_E NABLE- ,
CaM P_UPDATE- , X_RAW_SAM PLE-, X_MULT_SAM PLE- , and MARK_IN- ) are negative true and are
activated by pulling the line to the extern al grou nd vol tage level (transition voltages are approximately 2V,
BV and 14V for 5V, 12V and 24V operation respectivelyt, No pull-up resistors are required for the inputs.

The optically isolated outputs (READY, SYSTEM_ERROR- , and AXIS_ERROR- ) are open-collector and
require an external pull -up resisto r for the desired vol tage level (max 24VJ. Each outpu t can si nk 50 rnA,
maintaining the output voltage to w ithin 1V of external ground (Refer to the VA schematic on page j -16k) .

External Power and Ground

These two inputs provide power and ground for the optically isolated Signals. Current is d raw n from the
power signal when one or more of the control/status signals is low. The ground signal is connected to the
emitter of the open collec tor output opto-tsotetors. The intended voltages are + SV, + nv, and + 24V.

The fused + 5 volt power output and the ground output can be connected to the external power and
ground signals w hen no external power source is available.

Sta rt and Stop

These two negat ive true, optically isolated signals are the board 's main control lines. At least one board
in a system should have its START-line connected to an external Start switch. Pull ing this line low causes
all boards to stop and get ready to initialize. Pull ing this line high causes all boards to start at the same
time. O peration is equivalent to receiving a system go mnemonic ("SeC).

The STOP- li ne can be used to stop individual boards WIthout affecting other boards in the system.
Stopping a board prevents it from putting out additional pulses (it will still keep track of position w hich
can be read through one of the interfaces).
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VIEWED FROM REAR PANEL

Signal ····Pin
ACK- ---. 50

DIR _••• 49
Parallel DO ••••• 48
Parallel 0 1 _••• 47
ParaRel 02 ----- 46
Paralel 03 45
Parale! AO ---. .....
Pard e! A 1 ---- 43

Serial B CTS _ .. 42
Serial B TX - --. 4 1

Serial B RTS _... 40
Serial B RX - --- 39

Pulse Shields -... 38
B_DOWN- 37

A_UP- 36
MARKER- 35

EX1ernai Power In 34
START- 33

ERROR RESET- 32
READY - ••• 31

SYSTEM_ERROR- 30
AXIS_ERROR - - ••• 29

MARK_IN- _••• 28
External Ground In 27

Analog Ground - ... 26

Fr==::~~ Pin ---- S ignal
25 ---- REQ -
24 --••• Parallel Ground
23 ••••- Parallel 0 7
22 ..--. Parallel 06
21 ••- . Parallel 05
20 •••- Paralel 04
19 -•• - Paralel A3
18 ----- Pardel A2
17 •••- +5V Out
16 ---- Serial A TX
15 •••- Serial A ATS
14 •••- Serial A RX
13 .•••. Serial Ground
12 ----. B_DOWN
11 ----- A_UP
10 ----- MARKER
9 --.- .5V OUt
8 .-.- STOP-
7 ---- AXIS_INITAlIZE-
6 •••- PRESET_ENABLE­
5 ---- COMP_UPOATE-
4 ----- X_RAW_SAMPLE­
3 ----- X_MULT_SAMPLE ­
2 ----- Ground Out
1 ---- Reserved

figure J -15c. HP UYJ]4A Rear-Panel Connector PUlOUl

CAUTION

Do NOT plug csbtes wired for 'h is boilrd into ANY other J09n
boards: Pinouts for each board in the HP 5507 are incompatible
with cables for other boards. connecting the cobtes incorrectly milY
cause permanent dilmage to the HP r0934A board as well as to
external equipment.

Error Reset

Activating the negative-true mp ut is eq urvalera to sending an ERST mnemonic o r pushing the front panel

reset button. (See "Soft Reset" o n page 4E-40 lor com plete details.j

Axis Initialize

Activating this negative-tr ue input is equivalent to sending a '" AGO m nemo nic. (See MAxis Init ialize " o n

page 4E· 42 for com p lete details.I

Preset Enable

This line enables the programmed preset distance ,· PRO l() to be used dUflng initialization. The line must

be low (t rue) before the sta rt com mand is issued.
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Co mpensatio n Update

Activat ing th is negative-true input is equivalent to sending a - CU R 0 mnemonic, except that the update
mode is not changed to manual.

Exte rna l Samples

These two lines (X_RAW _SM-IPLE-, and X_MULT_SM-IPLE-) cause the board to sample internal registers.
The sampling takes place afte r the falling edge of the input signal. External sampling must be enabled with
the - M EN and - PEN mnemonics.

Mark Input

Th is negative-true input produces a Marker output pulse synchronized with the A-q uad-B o utput signals.
The output pulse is true during the first time that both A and B are true, after both A and B are false,
fo llowing the fall ing edge of the M ARK_IN- input. The MARK_IN- input is optically isola ted , but the
MARKER output is a differential TIL pair dnven by a 9638 driver Ie Figure 3-15d shows th e timing
relationship bel:Ween the M ARK_IN- input and MARKER output.

MARK IN- -..-.. r
A I I I I I I

B I I I I I L
MARKER I I

_ WTW_'"

Figure 3 -15d. MARK_IN- to MARKER and A-Quad-B Timing

Pulse/Quadrature O utputs

These di fferential output signals indicate how far the optics have moved in the programmed units. They
are driven by a standard differential driver (9638) and are not o ptically isolated . When the board is set to
up/down pulse output format, the pulses are 75 ns w ide. (Use the sign of - RES to match the pulse direction
w ith the di rection sense of the system.)

Sta tus O utputs

The READY status output indicates when th is board has completed its in itialization and enabled the pulse
output circuit. The AXIS_ERRO R- output indicates when th is axis has a problem while the
SYSTEM _ERROR- Iine goes true any time the front panel Error LED is lit (Laser H ead, M easurement and
progra mming errors).
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Serial Ports A a nd B

T~ese ~igna ls a re sta ndard RS-23 2C signals for se ria l communication, The baud rate is set ei ther by the
d ip switches o r the *SAR an d *SB R mnemonics. Serial port B imple ments a full ha rdware ha ndsha ke (the
CTS input must be true to e na ble the TX data outp ut line, and RTS outpu t line w ill be true when the RX
input line is ready to rece ive data). Se rial port A o nly imple ments half o f th is ha ndshake, assumi ng that
the CTS li ne is always true (note that th ere is no CTS line for seria l port A).

The defau lt setup for both serial ports is a-b.ts per c ha racter, 1.5 sto p bits, even parity, echo o n, and
2400 baud.

g-bit Parall e l Pori

The a-bit Pa ra llel Port includes 16 li nes that implement a full-handsha ke, ad dressable, parallel data­
commu nica tions port. Multiple 10934A's may be connected together using an internal ribbon ca ble
connected to J1 in the up per left corner of the board. (Figure J-15f shows the pinout fo r J1.) These signals
are the same as those on the rear panel connector.

Ca ble o ptions HP 1093 4A Options 002 , 003 , 004 and 006 connect 2, 3, 4, a nd 5 or (, boards togeth e r.
(The appropriate ca ble otpion will be installed when the HP 1093 4A is orde red as an HP 550 7B Option
03 4.)

Additional HP S507NB's may also be connected in pa rallel provided there are no address conflicts
(maximum is sixteen H P 10934A boards j. Each line is terminated by a 10k o hm pull-up resistor.

The ACK- line sho uld be ter minated w ith 220 ohm pull -u p and 330 o hm pull-down resisto rs. The data
li nes may a lso require te rmination depend ing on cable length. The pull-down resistors should be at least
50% greate r resistance tha n the pull-up resisto rs With a minimum pu ll-up va lue calculated as follows:

sooo

(18 - 0.7 xtnumber of A-Quad -B boards»

The following paragraphs and timing diagram (Figure 3-15e) illustrate the seque nce of events fo r each data
tra nsfe r.

a. The Parallel Inte rface Bus Master (Bus Master) verifies that the ACK- line is high, indicating
that the last transaction is complete.

b. The Bus Master puts the desired address o n the PAO thro ugh PA3 lines and sets the DIR line
(low fo r Maste r to Slave tra nsfe r, high for Slave to Maste r transfer) .

c. If the OIR line was set low in th e last step, the n the Bus Master d rives the data lines w ith th e
desired data value.

d . The Bus Master asse rts the REQ- line by bringing it low .

e . The Pa ra lle l Inte rface Bus Slaves, de tecting the Iow a n the REQ- line , compa re their add ress
w ith the one on the PAOt hro ugh PA3 bus lines. If they are not equal, they do nothing.

f. The Bus Slave that matches the address li nes looks at the OIR line . If DIR is high, it drives the
data lines w ith the data it has to transfe r.

g. The selected Bus Slave asserts its ACK- line by pulling it low.
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h. The Bus Ma ster detects the asse rtion of the ACK- line, and sets the REQ- line fa lse (high). If
DIR is high, it reads the data lines before raising REQ- (the da ta lines a re va lid the entire tim e
ACK- is low).

I. If DIR is low, then the Bus Slave latches the data li nes on the rising edge of REQ-.

J. The Bus Slave detects the negation of REq.... and a lso sets ACK- false. It then disa bles the data
line d rivers if th ey were e na bled .

k. The Bus Master detects the fa lse AC K- Signal and d isables the data lines if DIR was low. It is
now free to initiate ano ther transfe r.

a b c d • f 9 h, i k, , , ,, , , ,
REQ- ~ :

,
V, , ,, , I I ,, , , , , ,

ACK- 7 I I I
~

,
'/, , ,

I, , , , , ,
DIA ~ ! ! ! ! i ! !, , , , , , , ,

ADDRESS ~ : : i : ! i i, , , , , , , ,
DATA TO BUS SLAVES k i i i i : i ~, , , , , ,,

~ i i i)iDATA FAOM BUS SLAVES , ,, , , ,
........,~to'

Figure 3- 15e. Parallel Port Dafil Transfer Sequence

Parallel A2 ---­

Parallel A3 ••••

Parallel A4 .-••

Parallel AS ••••

Parallel A6 ---­

Parallel A7 ••••

GROUND ----

REO - ----

1 2

3 4

5 6

7 6

9 10

11 12

13 14

15 16

u

•••• Parallel A1

---- Parallel AO

-._- Parallel D3

---- Parallel D2

•••• Parallel 01

---- Parallel DO

---- DIR

---- ACK-

Figure 3- 15f. Parallel Port j1 Pinout
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I/O Schemalic

Figure 3-15g illustrates the HP 10934A extern al-Input/Output hardware design. They are provided to assist
with the resolution of interface des ign issues.

SERIAL PORT OUTPUTS

HV

SERIAL A TX

SERIAl. B TX

SERIAl ARTS

SERIAL B RTS

80V ...
O. l ~ rr-- ~

80V 80V 80V 80V ~ 7o; 470p

: ~

.~

-~

t v ,l,
UC1488P ",v 80V etlV 47llpU~70P

,
80V HV ....

-

>SV

SERIAL PORT INPUTS DIFFERENTIAL OUTPUTS

SERIAl. B AX "

SEAIAlB CTS

sr o- •
RC "'" ~ ,,"lSE- - k2: j ~lSE ~

seserc

MC1489AP

QPTO ISOLATED INPUTS AND OUTPUTS

SYSTEM _ERROR -

READY

PS2502-3

il:: c
J::C ,

. ::. r

+ !>V IN ---E=:3-------- + 511 o ul

1 Arrp Fu..

,
To olhe< Inputs (_9)

"
) 5V

O K )12V

) 24V
."

"

*::
~Vo 1

TED N PUTS {.gJ:
• SYSTE '''U~SET-.

• AXIS_INTlAlIZE- , .:: ;to 2
• CQl,AP_UPDATE- ,

X_MUlT_SAMPlE- .

HCPl_2630

00lA
START­

MAAIUN- , STOP­
PRESET_ENo\BlE­

X_RAW_SAMPlE- .

F;gure 3-15g HP 70934A I/O Schematic Diagram
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