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Product Warranty

Warranty Provisions

UDT Instruments warrants the items delivered
hereunder to be free from defects in material and workmanship,
and to conform to current UDT Instruments specifications at the
time of sale. Purchaser shall have a period of one year from date
of acceptance of the items to return deficient items to UDT
Instruments for correction. Material will be considered accepted
30 days after receipt by purchaser unless UDT Instruments is
notified of acceptance earlier.

UDT Instruments agrees to repair or replace at the place
of manufacture, without charge, all items returned, transportation
prepaid, for inspection at the UDT Instruments factory within
the warranty period, provided: (1) such inspection discloses to
the satisfaction of UDT Instruments that the defects are as above
specified; and, (2) the material has not been subjected to misuse,
improper maintenance, negligence or accident, damaged by
excessive radiation, voltage, current or otherwise damaged by
misuse.

The item returned shall only be accepted when
accompanied by a written statement setting forth the nature and
suspected cause of the alleged deficiencies.

This warrant is expressly in lieu of all other warranties,
express, implied or statutory, and all other obligations or
liabilities on the part of UDT Instruments. In no event shall
UDT Instruments be liable for claims, demands or damages of
any nature, however denominated, except that UDT Instruments
liability shall be to repair defective items at its factory, or supply
replacement parts in accordance with the terms of this warranty.

When equipment is shipped FOB UDT Instrument’s
factory, and when said equipment fails to perform according
to specifications upon receipt, a claim should be made
immediately against the shipping agency.

SHIPMENT AND PAYMENT

UDT Instruments payment terms are NET 30 days.
Shipment will be made FOB Baltimore, Maryland.

Warranty Return Procedures

Note: If this device has warranty and
calibration seals, all warranties and calibrations are void if
these seals are broken.

1. Please review terms of purchase and date of
shipment to determine if product is warranted and whether
or not it is within warranty period. Adjustment cannot be
made for product out of warranty.

2. If product is subject to warranty, prior to return of
product, telephone, write or fax UDT Instruments at the above
address.

Product malfunctions should be reported to the Sales
Department at the earliest possible time, since there are many
occasions when technical assistance may obviate the need for
returning products or can prevent product damage. Upon
verification that warranty service is required, the Sales
Department will issue a Return Material Authorization number
(RMA number). The RMA number must appear on the
outside of the shipping container for proper receipt.

3. Itis necessary in all instances that the “return
report” form be completed. Please photocopy and fill out the
return_report located in your product manuai.

4. Repack the product carefully in the same manner
it was originally packaged, preferably using the onginal
shipping carton and packaging material. Pack the completed
“return report” with the product making sure the RMA number
is clearly visible on the outside of the container. Ship the
product prepaid to UDT Instruments.

5. UDT Instruments will advise your company of its’

findings as to warranty consideration at the earliest possible
time.
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ADDENDUM: CE MARK EXCLUSIONS

The instrument is not intended for use in high humidity, high pollution, or
explosive environments.

The instrument and related accessories are “CE” compliant when operated in the
manufacturer’s recommended configuration, and in accordance with the
exclusions described in this addendum. UDT Instruments does not accept
responsibility for “CE” compliance if the instrument is used 1n a non
recommended configuration.

All semiconductor devices are susceptible to electrostatic discharges (ESD).
Ensure that the unit is switched off before connecting or disconnecting any

cable(s) or accessories. Failure to do so can cause “ESD” damage and reduce the
lifetime of the instrument drastically.

Units with ieee-488 capability must use a shielded cable; similar to Hewlett-

Packard part number HP10833x or Io-Tech part number CA-7-X, to maintain
compliance.

All coaxial cables must be less than 3 meters long.

All battery-operated units have batteries that are not replaceable by the customer,

and can only be charged with the battery charger supplied with the unit by UDT
Instruments.

Cleaning: Special care must be used when cleaning the instrument. The body, or
any labels, should only be cleaned with a soft damp cloth, and a very light
concentration of mild soap. Failure to do so may scratch the surface or damage
any anti-glare coatings.

Never use alcohol, acetone, or other chemical solvents to clean any part of the
unit.
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CAUTIONS

1 {This instrument is set up for 115 VAC 30/¢0 Hz
‘operation unless specified otherwise. For 230 VAC
operation,set the rear panel line voltage selector
to 230 VAC, and replace the fuse with a 1/8A AGC

(supplied). The instrument may be severely damanged

it operation is attempted with 230 VAC while the
selector switch is set for 115VAC.

2 Before removing top cover, remove AC line cord to

prevent electrical shock hazard.
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ITFORMATION

1.1 Introduction

Trryer ’

The UPT liodel 431 N-Y Position Indicator offers an inexpenszive,
sinple, yet powerful svsten for rerote optical sensing of position and angcle.
When used with a UI'T lateral effect photodiode or quadrant detector the %431
system senses the position of a light spot on the detector surface. BRoth
digital and analog indications of the x-y cocrdinates of the lisht spot are
provided by the 431.

N
o]
6]

of the todel 431 include:

Robetics and position sensing on production equipment
lachine tool alignment

Pioencineering

Profilometry

Anple sensing

Automatic 2C of parts

Stress nonitoring

o 0O 0 O O O O

The Model 421 can be adapted to almost any imaging svstem or optical
arrangenent. These ranre from complex camera systems to using the bare detector
with a laser bteam. Uith microscopic otjectives the 431 can reasure
displacements as small as 00001 inch. Vith telescopes or other lonp focal
length lenses, distant objects can be sensed (e.r., star tracking). See section
4 for applications.

1.2 Features ancd Snecification

o} Very high resclution - better than 1 part in 4000 resolution
tho detector surface in hoth x and v directions when
vsed with a laterzl effect protodiode
peerd.  The standard Model 431 has a htandwidth of 1 kHz..
Vith modification the handwidth can hecome 7 kHz.

o Vide dvnanic ranre. The 431 can accormodate a 1,000 000:1 rance
of licht levels.

o Tiocs not reruire precise focus. Since the detector senses the
“centroid” of the licht spot on its surface, exact focus on the
objiect 1is not necessarv.

o ide ranre of detectors. The 431 can be used with over a dozen
different detectors includins bi-cells, cuadrant detectors and
both sirple and dual axis lateral effect photodiodes, common
cathode or common anode.

o A Tull complement of accessories is available to meet specific
application reeds.

o The 431 provides digital meter readouts as well as analog
meters for alicnment and analop voltage sicnals.

o) The 421 can be calibrated to read directly in inches or mm

o LEN s rrovide over and under rance indications.

o The 431 is housed in a2 19 inch rack mount case and includes a
folding metal stand for bench top use.
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SPECIFICATIONS

Yeters: 2 -3 1/2 digit LCMs o
2 - analog meters (tr‘end 1nd1cat0r5)

Input Current Range (per input)

Sensitivity
Detector Load
Licht Level Rang X1 X3 Resistance
X 1 1-1.5 @A .33-1.66 mA <1 §
¥ 10 100-500 paA 33-166 uA <1 Q
X 100 ’ 10~ 5C yA 3.3-16.6 pA 10
bt 1000 1- 5 A .330-1.66 pA 10 &
Input voltage error: 5 uV from ground
Input current error: 10 pA (at 259C)
Bandwidth: DC - 1KHz
PC - 7KHz optional
Analog Output: - -y position 60—+ +2 Vv
- difference 0~ F+ 10V
- sunm 0~ F 10V
7ero Prift using SC-10/D detector, fixed zero, 0.19707 full scale (iﬁCh/OC)’

not including detector errors or mechanical drift.

resolution

light level N1 ] Y10 l Yion

X1, X1C, X100

10—t 10753 0=
1000 167 107 5 X 107
Scale Factor Drifr: ¢.04% of full scale/°C
Linearity: - instrunment only * 0.5%

- SC 10/D detector (not included)
0.5% in central 107 of detector
10% in central 75% of detector
05 - 125 VAC or 190 - 250 vac (switch selectable)
50 - 60 1z, 10 w use 1/4A AGC for 115 VAC, 1/8A AGC for 230 V/
Size: 3.49 in (&€.9 cm) x 19 in (48 cm) x 11 in (28 cm)
Veipght: 8.2 1bs. (3.72 kg)

Yower:
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2.0 THEORY OF QPFRATION

Fipure 2.0 shows a block diagram of the Model 431,

2.1 Optics ancd Detector

The Model 431 is an indicator unit for either a lateral effect or
quadrant detector. The two~axis "lateral effect photodiode” has four electrodes
on its edpes. Vhen a light spot is imaged onto its surface, the photocurrent
¢ivides up amoung the four electrodes in proportion to the distance of the light
spot from those electrodes. (see fipure 2.1)

The detector norrally used with the 'odel 431 is the URT SC/10D. It
has a 1 e x 1 cm active area and will detect light from 350-1100 nm. Its peak
responsivity is typically 0.5 A/U at 900 nm. The spectral response is similar
to nmost silicon photodiodes.

Because of peometrical consicderations involving electrode placement,
the most linear repion of the detector is the central 25%. liowever, in addition
to slicht svstematic nonlinearities, the precise positional response varies from
detector to detector. In order to obtain the maxinum accuracy from these
devices, a mapping of the surface may be required.

Since the detector proportions the photocurrent amoung its electrodes
irrespective of image detail, precise optical focus is usually not necessary.
The 431 cives the positional coordinates of the "centroid” of the lipht spot on
its surface.

Operation with a cvadrant cell is similar in theory except that each
of the 4 elements in a quad cell is electrically separate from the other
clements. The 431 processes the signals according to a different instrument
function. Ouadrant cells are used for very precise centering applications (e.g.
sensing laser beam position) over small distances. Lateral effect diodes are
used where the lipht spot must move over a wider area.

Uhen the light spot imaced conto the detector centains more than about
1 oW of ontical power, the 431 should be switched to tiased operation (see
section 3.4.12). At hieh flux levels, the detector starts to saturate if it is
in the normal photovoltaic mode. Saturation leads to a nonlinear output current
that mav sive faulty positional information.

''T rales other position sensing detectors, all of which can be
adapted for use with the 431. Consult UI'T for information on these detectors.
In addition, manv Jifferent optical imaping systems can he used with the 431.
Sce scction 5 for examples.

2.2 Electronics

The UNT odel 431 accurately measures the short circuit current from
cach element or area of the detector and converts it to a voltage.

This occurs at amplifiers A and B (I & E for v axis) (see ficure 2.0
and schematics). The gain, in volts out per amp in, is determined bv the
feedback resistors selected by the light level sensitivity switch.

These voltages, are added and subtracted (in amplifiers a5, A7, A% and
A11) to obtain voltages A - R, I = LI, A+ R and D+ T.

The resclution amplifiers (A6 and A®) and pain resistors selected bty
the differential resolution switch (X1, 10, X100 & M3) provide increased cain
of the A - T and - L signals.

The polarity switch causes the polarity amplifi

n
ers (AIQ & AlL) to
invert or not inver:t the sum sipnaels A + L and D+ T so they are positive.
ey

The continuous/quad selector and sunm arp (A13, Al4 and AlD) provides
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LIGHT SPOT IMAGED ONTO DETECTOR SURFACE

ngﬁs g
\ ( P TYPE REGION
A

INTRINSIC REGION

N TYPE REGION

{— !

IS g ——~ S |

ELECTRODE
CONTACTS

L
ELECTRODE ———/ S

T
CONTACTS

lg = 1o SINH (QL-S))

FOR DUAL AXIS DETECTORS SUCH AS
Co- SINH  (egl ) UDT MODEL SC/10D.

s~ © L ,FOR SINGLE AXIS DETECTORS SUCH AS UDT LSC/30C
1o = PHOTO INDUCED CURRENT

O = CONSTANT {(NEAR ZERO)

FIGURE 2.1
LLATERAL EFFECT PHOTODIODE TYPICAL DEVICE CROSS SECTION
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(6 = B -~ (I - E), (A-T) + (- TF) and A + B+ N+ [ voltages.
The rance select detector (Al6) detects high or low light level
conditions based on A + B + D + L and powers front panel light level led’s.
The cuadrant/continuous switch selects the instruments function as:

A - B
>

A+ B .

Continuous

, D -E (e.g., SC 10/D)

D+ E
yah-B) - (D-F

A+ B+ D+E Quadrant
(e.g., Spot 9D)

y L(A - B + (D - E)

The ratios are obtained by the analog divider circuits (Ul and U2

Level detector amplifiers (A22, A23 and A24) generate error signals
for indicatine low level, high level and '>D (numerator greater than
denominator) on the red front panel LED s.

Scale factors are cdetermined tv the resolution switch (5-12 E and F)
and the front panel cal adjust trimpots.

U3 and U4 perform A/D conversion and drive displavs LCP1 and LCR2
directly.

I'ecimal point location is determined bv jumpers at J-4 and decimal
roint drivers U4 and U6,

The power supply consists of transformer T1, rectifier and filter
circuits and regulators VR1 to VR4. VR4 provides -100 mA to drive external
LTP"s, A7 provides + 7 volts for cperating the chopper stabilized amplifiers
;\1, AZ, ;Ax3, f«.[&, .»\5, :'\7, :\9, All, A21 and A25.

A26 provides a clock syvnchronized to the AC line which avoids
interfecrence and synchronizes the chopper stabilized amplifiers.



UDT Instruments « 8581 Aero Drive « San Diego, CA 92123 Phone (858) 279-8035 Fax (858) 576-9286

(oS
.

~
(-

PRETARATION

INITIAL

and Mechanical Checkout

(98]
.
—

Unpacking

Fefore shipment, this instrument
mechanical and electrical defects. As the instrument is unpacked,
inspect for damage that may have occurred in transit. If damage is found, a
claim should bhe filed with the carrier immediately and UDT should be notified.
(See Appendix A)

The model and
attached to the tack panel.
correlate the instrument
procedures.

was inspected and found to be free of

soon as

the instrument are located on a
This serial number is kept in the DT files to
with manufacturing and qualitv assurance records and

vunber serial number of

tag

Standard equipment for the Model 431 is:

o Yodel 431 Chassis

e} £C Line Cord

o Carryinge Case

o Instruction and Operation Manual

The Model 431 does not include a& detector. The detector must be

separately specified depending uvpon the individual application. See the position

sensor data sheet in Appendix C.

Flectrical Checkout and Preparation for Use

The Model 431 as from the factory Is set to operate with the

conditions:

received
following

o 115 VAC Power input 50/60 iz

G Vo decirmal points seleccted on readout

O Calibration 1600 counts at edge of detcctor

o Netector input cennector wired for standard URT detectors
Sce section 3.3 in order to chanse these conditions.

See scction 3.4 for and continuation of checkout.
3.3 Internal Adjustments and Calibration
3.3.1 AC Line Voltage

Line voltage is determined by switch selection on the rear panel of the
instrument, and installation ¢f the proper fuse.
115 VAC operation, use a 1/8A AGC fuse for 230 VAC operation.

CAUTION

Use a 1/4A AGC fuse for

Pefore
cord

removing
to prevent

i

top cover,

remove

clectrical shock

AC line
hazard.
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2.3.2 Offgset Tull and Analog Nivider Potentiometers

Ilormally these trim pots arec set at the factory and do not need to be
read justecd. They are Jlocated inside the unit near cach front end sur and
cifference amplifier (0P-07) and near the analog cividers.

3.3.3 Pecimal Point Selector

As set at the factory the 431 x and y LCD displavs have no decimal
points on the displayv. The decimal point selector is located inside the 431
chassis on header P4 which plugs into the PC board near the differential
resolution switch.

Pecimal points may he selected to change with the position of the
"diff resolution” switch or they may bte selected to remain unchanged when the
resolution is switched. See figure 3.3.3 for examples of header viring for
different decimal point locations.

3.3.4 Petector Hookup

Figure 3.3.4 shows the relation between detector input connector pins

and device axis orientation. Vhen using standard UDT detectors no chanpe is
required in the connector wiring. lote then when imaging a lisht spot onto the
detector with a lens, + and - directions will appear interchanged.

3.3.5 isplacement Calibration - lateral Effect Devices

Position calibrations may be obtained with or without the use of a
calibrated displacement cevice, such as a mechanical stace.

If the application uses the vhole area (resolution = X1) of a detector
or it is a linear sinnle axis detector, the calibration potentiometers may be
adiusted using a resister connected to the input connector to generate a current
which simulates lipht on the edpge of the detector. The resistor (tvp 100 K )
is connected between the il pin and one of the input pins A, B, D, or L and the
bias voltape and range are selected for proper signal levels. The "cal adi”
potentiometers nayv be ad insted to indicate the actual distance from the center
of the detector to the edge, which may he obtained from the detector data sheet.
For example the UPT Model SCI2D detector (included with the Model 1233 detector
cable assertly) may be adjusted for a full scale displacenent of + 0.1970 (1970
counts on the displav) fer each axis. See Tahle 3.3.5 for displazéments of
tyvpical UDPT lateral effect photodiodes.

I'owever, if the central region is of the rmost importance, the
instrument should be calibrated in the region of interest with a precision
mechanical stage as reference. This is the preferred method of calibration
since most 2 axis lateral effect devices are displayv degraded linearity outside
of the central 25% region. Use the same "cal adj” potentiometers to match
actual displacement to dicital meter readings.

lear panel accessible dip switches select attenuation factors to aid
in locating a ¢ood operating repion of the front panel cal adijust
potentioneters. Attenuation ratios are indicated on the rear panel.
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Fixed Decimal Point Selector Wiring
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1. XXX
1X. XX
1IXX. X
Switched Decimal Point Selector Wiring Examples
Diff Res Decimal Pt. Location
X1 1IX.X¥
X110 1.XXX
X100 1XX.X
UDT P/N 68-11-326
X1 1.XXX
X10 1XX.X
X100 1X.XX
UDT P/N 68-11-324
X1 IXX.X
X10 1X.XX
X100 1.X%X
UDT P/N 68-11-325
FIGURE 3.3.3 DECIMAL POINT LOCATION
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Quadrant Detectors

+y

1T I

I1I1} IV

—_ }7

(Note: Angle of pins to
axes 1s shifted 45° from
lateral effect axes.)

Lateral Effect Detectors

Phone (858) 279-8035 Fax (858) 576-9286

Detector Quadrant

Common Common
Amp Pin Cathode Anode
A III I
B I III
D Iv II
E II Iv
F Shield Shield
H Zero or bias | Zero or bias
UDT Spot 9D and other
UDT cuadrant detectors
Detector Pin
Common Common
AmD Pin Anoae‘ Cathode
= (P on N)
A + -X
B - +x
D +y -y
E _}7 +}7
F Shield Shield
H Zexro or bilas | Zero or bias

UDT SC 10/D and other UDT
lateral effect detectors

Bicells or Single Axis Lateral Effect Detectors

- +X

{(Use continuous
setting on 431)

1st

2nd

<A
detector \B

<D
detector \E

(optional) F

FIGURE 3.32.4

. Common Common
Amp Pin Anode Cathode
+x -X
-X +x
+x -X
-X +x
Shield Shield
H Zero or bias |Zero or bias

DETECTOR CONNECTOR PINS AND
DETECTOR AXIS ORIENTATION

12
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3.3.6 NMsplacement Calibration — Dual and Quadrant Detectors

These detectors are penerally used for centering applications. The
instrument may be adjusted as above with a resistor or light spot on one element
at a time, and the displays adjusted to indicate 1000 counts.

However, it is recommended that the calibration he performed with a
precision mechanical stagce to obtain maximum linearity for small displacements
near the center of the detector. Again use the "cal adj” pots to match actual
displacement to digital meter readings.

3.4 Front Panel Controls, Adjustments, Indicators and Connectors
Indicafors and Connectors (See Figure 3.4)

3.4.1 "Power On-Cff"
Internal jumpers select 115 or 230 VAC line voltage.

3.4.2 LCD Displays

See section 3.3.3 for decimal point location and sections 3.3.5 and
3.3.6 for calibration. The LCD displays are bhacklit to allow instrument usage
in low light level surroundings.

3.4.3 Analog Meters

Intended for aid in initial optical alignment and trend indication the
full scale analog meter display corresponds to + 1.999 on the digital meters.

3.4.4 "M'i Lo Trror” LEI s

These LEDN s indicate when erronious readings may occur. If the sunm
signal on either axis is less than 10N ©V or greater than 10 V the LEDN"s light,
indicating that the analog divider denominators are out of range for accurate
readings. TLither adjust the light level sensitivity or move the light spot away
from the edge of the detector.

3.4.5 "N - Y cal” Pots
These trim pots will calibrate the LCD displays, analog meters and

analog output simultaneously. See sections 3.3.5 and 3.3.6.
3.4.6 "Tiff Reslon” Switches

These switches increase position resclution from X1 to 10 or 100 for
increased sensitivity near the center of the detector. Gee section 2.3.3 for
decimal point location on LCP displays.

3.4.7 "N > D" LEI's

These LILN s indicate when the rain of the resolution switch is set too
high and the light spot is located outside of the indicated rance.
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3.4.8 "Ouad-Cont"” Switch

Choose the appropriate switch position for either quadrant detectors
or continuous lateral effect detectors. The 431 instrument function will be
changed accordingly. XNote that there is a 459 difference in x-v axis
orientation versus pin position between guad and continuous detectors.

3.4.9 "Zero Adjust”

In the "fixed” position the zero LCD reading will be obtained at the
electrical center of the detector, i.e., the place where all 4 current outputs
are equal. V

In the "0" position the zero position can be made to correspond to any
point on the detector vwhen in the X1 resolution position. Screwdriver
adjustments are provided for each axis.

3.4.10 "Light Level Sensitivity” Switches

Uhen the "sum” switch is depressed the total relative input current is
displaved on the y=-axis display.

The X3, X1, X10, X100, and =1700 switches should be depressed in order
to bring the sum displav on the v-channel between 300 and 1000 cts (ignoring
decimal points). The X3 switch mav be depressed in combination with any of the
decimal switches.

3.4.11 "High-Low” Sensitivity LED s

These LED s indicate when the sum of all x and y inputs is above or
below the recommended level for accurate analog divider operation. The light
level sensitivity switch should be adjusted so neither of these LEN s are lit.

3.4.12 "Detector bias” Switch and Trim—pot

Zero biased operation is normally used for low light level lateral
effect and nuadrant detector measurements.

The "adj” position (switch depressed) allows 0.1 to 10 V hias voltare
for use with detectors at higher light level (e.g. Pelium YNecon lasers and high
power LET7s). When the light level as monitored by the "sun” switch and the vy
channel LCD is not constant as the light spot is moved across the surface, then
bias should be applied to the detector until the response is relatively flat.

3.4.13 Input Connector
See section 3.3.4 for details of the cornector pin arrangement.
3.4.14 "LED Current”
A BNC connector is provided which supplies -100 mA for use with common

anode (+ ground) LLCD7s. The UI'T Model 266 high power LED (V6 mi) plugs
directly into this connector with a standard RBNC catle.
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3.5 Rear Panel Connections
3.5.1 AC Line Connector

An IEC standard line input connector is provided.
3.5.2 Detector Polarity Switch

This switch selects common anode or common cathode detectors. See
section 3.3.4 for proper polarity for UDT detectors.

3.5.3 BNC Cofinectors

¥ Y position and X Y sum signals as well as the total sum signal are
all available on BNC connectors.

3.5.4 Calibration Dip Switches

Four poles select attentuations of 1, 10, or 100 for x and v position
cal pots to aid in calibration.

Four poles are also available for test and alignment.
3.5.5 Fuseholder

Fuse with 1/2A 3AG at 115 VAC or 1/4A 3AGC at 230 VAC.
3.5.6 Edge Connector

Table 3.5.6 shows the edge connector outputs and inputs as well as
voltage ranges. 1f power is supplied to the unit via the 15 V connections then
an external clock input is required. This input should be a Square wave with
approximately + and - 100mV amplitude. The clock frequency should be between 10
and 500 Hz.

3.6 Operating Instructions

Initial Conditions:

Function Condition Light
Light Level Sensitivity X1, X3 out (off)
Detector Dias Out (Zero)
Zero Adjust Switch Out (Zero)
Cont/Quad Switch In for Quadrant

Out for Lateral Effect
Diff Resoclution x1

Rear Panel

Polarity Out for Common Anode
In for Common Cathode

Line Voltage Corresponds to voltage indicated
On rear pancl

Power On (In)
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TABEL 3.5.6 REAR PANEL EDGE CONNECTOR

Edge Connector Letter Edge Connector Number

A - 7V 1 Amplified A output (0-5 V)

B + 7V 2 Amplified B output (0-5 V)

C - 15V 3 Amplified D output (0-5 V)

D + 15V . 4 Amplified E output (0-5 V)

E total sum (0-10 V) 5

F 100 mvV (ref) 6

H LED current (=100 mA) 7 x pos (scaled) (0-2 V)

J Clock (input or output) 8 y pos {scaled) (0-2 V)

K 9 x numerator (0-110 V)

L 10 x denominator (sum) (0-10 V)
M 11 x position (0-110 V)

N 12 y numerator (0-1+10 V)

P 13 v denominator (sum) (0-f10 V)
R 14 y position (0-F10 V)

S GND 15 GND
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1. Connect the detector and illuminate it with a light spot close to
its center.

2. Ad just the light level switches. Set the switches for highest
gain without the amber "High Light Level” Indicator on. A number
between 333 and 1000 should be obtained using the sum switch and the y
axis panel meter.

3. FOR LATERAL LFFECT DETECTORS: To determine if a reverse bhias
voltage is required, move the light across the detector vhile watching
the level of the sum signal. If a reduced sum level is obtained
towards the center of the detector, thenm a reverse bias is required.
Push the detector bias switch in and adjust the bias voltage level for
a uniform sum level. Darken the detector and note that the sum level
approaches zero. This means that the detector bias current will not
affect position measurement. Should the sum level indicate more than
500 counts, the detector is excessively leaky or the rear panel
polarity switch is reversed. Schottky barrier photodiodes will last
longer with at least minimum bias, due to contact problems which occur
with tine.

4. After the light level sensitivity and bias are selected, the
light spot can be moved around on the surface of the detector. Near

the center of the detector the resolution mav be increased to N10 or
¥100.

5. See sections 3.3.5 and 3.3.6 for calibration data.
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4.0 APPLICATIONS

4.1 General Conditions-Lateral Effect Photodiedes (SC10/D)

The notes that follow contain measured performance data for some of
the more comrmon Model 431 system configurations. These are intended to act as
fuldes to the user designing his own system. UDT can supply almost all of the
building blocks of these systems.

In desipning a position sensing svstem the user should be aware of
some preneral rules:

1. The primary consideration is light collection. The btrighter the
source and the nore efficient the collection ontics, the better will be the
resolution, drift, and case of alignment.

2. The signal-to-noise ratio and the isolation from ambient light
can usually be increased by installing wavelength selective filters in front of
the detector. The position sensing detector is sensitive from 300-1100 nm.

3. Imagine of the optical spot onto the detector is usually not
critical since the detector will sense the centoid of the spot independent of
the spot size.

4, For maximum linearitv the center 257 of the detector should be
used. Minimum linearity is at the corner of the detector and it improves as the
spot moves towards the center. See the UDT position sensing detector data sheet
for specifications. To achieve the maximum accuracy of the 431, mapping of the
detector surface response nay be necessary.

5. Fetector linearity will also be affected by interference in the
optics (i.e., spurious reflections) and by the uniformitv of the manufacturing
rrocessing of the detector. Consult UDT for advice on detectors for svstens
that recuire very high linearity.

&. To obtain the true positional information abtout the light spot
being observed, the reguired algebraic manipulations of the four detector
outputs (3, X2, Y1, Vi) are:

Xy - X2
X

X1 + X2

Yi - vyo2
y G

Yy o+ oy

The resulting alcebraic quantities are independant of changes in
the lipht source intensity. If the light source being used does not change by

more than the positional accuracy reauired, the difference signals (x; =- xg,
v~ Yz) may bhe used as the x and y positions.
7. 10 127 is the hinhest recommended gptical power level.

The following applications mainly concern lateral effect rhotodiodes

1

althourh cuad cells can be uvsed in most of the same apnlication but with reduced

nositional coveragc.

20
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In peneral, quadrant and bi-cell detectors are recommended for
applications requiring very precise nulling or centering or for tracking positon
over a small rance. lateral effect Units are more appropriate when a wider

range of coverapge is desired since position information is available over the
entire active area.



UDT Instruments « 8581 Aero Drive « San Diego, CA 92123 Phone (858) 279-8035 Fax (858) 576-9286

4.2 Censing Small Tisplacements of Specular or Piffuse Surfaces

upT 1233

UDT MODEL
266

431

101
UDT 104

104
ubDT 1715

In this example, the 431 is used to determine the position of a flat
metal surface (A). The same aprproach can be used to detect the level of a
liquid or the position of almost anv orject, depending on the light source and
the object reflectivity.

The light source in this example is a high power narrow angle LED
(Yeciton ¥C-€8PD). At 100 nA this diode emits 12 mW at 880 nm into a 15° bear.

4 BNC cable connects the LED to the LED supply connection (100 m4) on the 431.
Alternately, an incandescent lamp or a laser could be used as the source.

In the present configuration, the LED is imaped onto the surface being
neasured using a 1.0 inch diameter, 15 mn focal length lens (UTT 1355). The
distance hetween the lens and the detector is about 1.0 inch. A visitle tlocking
filter (1155) is used to reduce detector sensitivity to ambient linht.

The sctup has a range of C=0.75 inches and a resolution of bhetter than
0.0003 inches. The exact cain sctting will depend greatly upon the refllectivity
of the surface heinpg neasured (A).

I1f an infrared source is used it is recommended that an infrared
viewer be uscd for setup of the eculpment. For maxinmum statilitv the source and
detector apparatus should be ripidlv coupled to cach other.
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L
L.3 Pemote Anrular Sensing
UDT 1716
UDT 1714

(D) 26 IN. .

-

M1 RROR

431

One of the principle uses of position sensing detectors is for
measurine anples, usually of mirrors but sometimes of relativelv diffuse
curfaces. UDT manufactures the model 1CO0N electronic autocollimator for use in
most situations where manual autocollimators are used. The model 1000 connects
directly to the 431. UPowever, under special situations where the distance to
the mirror is large or where the mirror itself is small, the configuration
outlined here is recommended.

The source used is a 2 ™ helium-neon laser positioned approximately
two feet from the mirror under test.

The receivine lens (L) and the distance (') can be chosen to provide
the decired rirror angular coverage. In this example, a I inch diareter 135 mm
focal lenrth lens would cover a mirror tilt of 38 milliradiens.

The 431 should be modified to operate in the biased mode when a
relatively high power light source such as a Hele laser is used. COtheruvise, the

dotector will saturate and not give a2 linear reading.
The focal Jdistance of lens L may be varied to adiust the CP-IVE
anpular sensitivityv. Alternatively even the bare detector may he used, but an

anrular coverage of conly 7.5 milliradians (at a resolution of less than 1.8
microradians) will be obtained with the present example.
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I Sensing the Posititon of lMacroscopic Objects

UDT 1716
8 FT____________’_
HE - NE
UDT 1714
LASER
UDT 1233
Ve O\
— i; izr——J_—_h_r_Er-J_————
431
6 IN___ g

In the exarple, two cases nced to be considered: in case I the object
is being remotely illuminated by a helium—neon laser. In case II1 a tungsten
lamp is attached to the ohject being measured and the lamp position is actually
monitored. Both cases use the sane detector configpuration. Vith the data from
these cases the user can deduce the system response for virtually any light
source and distance. Applications for this confipuration include sensing the
position of machine tools, robot arms, and monitoring movement in
bicenginecring.

Case 1: The licht source is a 20 ml heliur-neor lascer shining onto &
white, diffuse, approximately lambertian surface.

Using a 28 =n focal lenpth £/2.8 camera lens as L, the field of view
of the lens system at 6 inches is 2.1 inches with a standard 0.4 inch x 0.4 inch
detector. A narrow tand 633 nm filter (URT 1156) can be used to reduce detector
sensitivity to ambient light.

Uith the 431 set on low lipht level (N1000 + X¥3) and without a filter,
the signal is slightly above winirmum detectable level. Ty choosing a faster
lens or shorter cdistance, the 431 accuracy can be more fully utilized (e.g., an
£/1.4 lens would give 4 times the signal level).

Case 1I: VUsing a 1000 U tungsten lamp with a "C supply as the source,
scasurement distances up to or greater than 20 fect can be achieved. For
instance with the 431 set on X10 and Y3 light level at & feet with an £/1.4 lens
the signal level is within range. On low light level (X1000 + X3) the sane
performance can be achieved at £0 feet. Chviously, using a reflector and optics
around the lamp will further extend the range.

24
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Sensing the Small Scale Tisplacement of a VWire

UDT 1233 .—\\j 431

uDT 1714 »

UDT 1156
UDT 104 —

X < UDT 1355
} [ UDT 1715

s
5/16 IN.
+ |HE -NE LASER
A 5/16 IN
15 1

Position sensing detectors are often used in —easurement situations
where the sample is too delicate, small, or otherwise unsuitahble for contact
measurerent techriques. In this example, the position of a (.01C inch diameter
nickle wire (&) is cdetermined in one dimension. The location information can
then be used to servo control equipment, such as wire take-up recls, etc.

The lipght source is a 2 nll helium-neon laser, the hear of which is
expanced by lens L (25 mm focal length cylindrical lens) into a fan of licht.
The width of this fan Is 5/16 inch by the time it arrives at the sample vhich is
15 inches from L.

Although the sample in this case is a 0.010C inch diameter wire,
anything of approximately the same size vill produce approxirately the sane
sigznal. Tor instance, the sample could be a glass fiber fror a fiber furnace,
or a thread, or a liquid strear, or a stream of solid particles.

£1so, a higher intensity light source can be used, or the light source
arca coverage can bhe reduced to increase thte signal level and the resolution.

The cellection systerm consists of two very short focal lersth lenses
(15 o focal length, 1.0 inch diameter), (UDT 1355). A 623 nm narrovband filter
(¥PT 1150) is used to decrease the detector sensitivity to ambient light.

Vith the 431 set for low lipht level (X1000 + ¥3), the sipgnal strencth
is slightly ahove the nminimurm uscatle level. The {ield of view is 5/16 inch.-
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L6 Profilometryv

714
voT 171 10X MICROSCOPE OBJECTIVES

Id
uDT ‘
HE -NE LASER
431
UDT 1720
M1 CRO - TUBE _/

ADAPTORS (UDT)
{8 IN.)

An optical setup similar ip principal to that shown in section 4.2 1is
useful for measuring ultrasmall displacements as in profile measurement.

A YMelium—lleon laser is focused onto the surface being measured by a
microscope objective in order to provide a small measurement spot. The laser
spot is imaged ontoe the detector by a similar microscope objective piving a
nagnificaiton of approximately 15 times. Tepending upon the reflectivity of the
surface becing measured, the 431 will require either Y1000 + X3 or X1000 light
level.Useable resclutions between 000001 and .000Cl inch are obtainable.

I~
~1

F'lectronic Autocollirator

The UDT liodel 1000 FElectronic Autocollimator is a versatile instrument
tuilding hlock designed to measure very small angular displacements of surfaces.
Applications of the lodel 1000 include automatic mirror alignment and servo
control, OC and testing of surface places, machine surfaces, and optical
components, vibration neasurement and determining pointing stabilitv. The llodel
1000 finds use wherever flatness, angles, or parallelism must be easily and
ccecuratelv establishecd.

The UDT todel 1000 is similar in concept to the classical
autocollimator cxcept that a position sensing photodetector is used in place of
the observer”s eve. As shown in figure 4.72 a high power infrared light '
enitting diode (LLD) generates a 15° beam of light wvhich is reflected through a
teansplitter (§) and then collimated by lens (L). This parallel beam is
reflected of{ the device under test !, back through the lens and beamsplitter to
the detector assembhly (D). (A visible light blocking filter (F) is used to
prevent ambient licht from biasing the detector readings.)

with a 135 m £/2.8 lens as (L) and vith a X100 light level on the 431
the readings will be in range. A 135 mm lens will provide a 74 mrad angular
coverge. The resolution will be .37 microradious.

26
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FIGURE 4.7A AUTOCOLLIMATOR HEADS
VIITH 135M4, 400MM, AND 200MM
CAMERA LENS. 200MM VERSION SHOVN
IN OPTIONAL GIMBEAL MOUNT.
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FIGURE 4.7B TYPICAL MODEL 1000 SYSTEM
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5.0 ACCESSORIES AND OPTIONS

5.1 UDT Position Sensing Accessories

See figure 5.1 for outline drawings.

Model Number

101

103

104

108

266

267
1000
1112
1113
1114
1115
1155
1156
1232
1233
1237
1238
1239
1240
1241
1242
1350
1351
1352
1353
1354-1 to 10
1354-20 to 60
1354-75
1355

1356
1700
1701
1702
1703
1704
1706
1714
1715
1716
1720

UDT POSITION SENSING ACCESSORIES

Description

Universal Housing (Adapts LED Assemblies to standard
UDT threads)

Detector Strand

Filter Holder,Female Coupler

lale Coupler

LED Assy (BNC Interconnect) 880mm

PIN SC;/10D Detector/iens Assy

Autocollimator (Integral LED Source)

Narrow Bandpass Filter (632.8nm) + 15nm

Narrow Bandpass Filter (905nm) + 15nm

Narrow Bandpass Filter (1060nm) + 15nm

Narrow Bandpass Filter 514.5nm) + 15nm

Visible Blocking Filter (in threaded ring)

633nm Narrowband Filter {in threaded ring)
PIN-SC/25D detector/Cable Assy

PIN-SC/10D detector/Cable Assy

PIN-SC/50 detector/Cable Assy

PIN-LSC /5D detectorsCable Assy with 35mm lens adapter
PIN-LSC /30D detector/Cable Assy with 35mm lens adapter
PIN-SPOT/8D detector Cable Assy

PIN-SC /4D detector/Cable Assy

PIN-SPOT/4D detector/Cable Assy

50mm Camera lens

50mm Macro Camera lens

135mm Camera lens

400mm Camera lens

1X to 10X Microscope Objective (specify)

20X to 60X Microscope Objective (specify)

75% Microscope Objective

15mm Focal length lens assy in threaded ring(1 inch
diameter)

28mm Wide Angle Camera Lens

X-Y Translation Stage and Stand

1233 Detector Holder (for mounting in Model 1700)
1234 Detector Holder (for mounting in Model 1700)
1232 Detector Holder (for mounting in Model 1700)
1237 Detector Holder (for mounting in Model 1700)
Tripod

1233 and 1234 Adapter (to UDT standard threads)

1 inch Diameter Lens Adapter (to UDT standard threads)
35mm Camera Lens Adapter (to UDT standard threads)
Microscope Adapter (to UDT standard threads)
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FIGURE 5.1A
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PENTAX OR BAYONNET
OR SCREW THREAD ADAPTOR
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FIGURE 5.1B
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UpT STANDARD THREADS
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FIGURE 5.1.C
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