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Warranty

Newport Corporation warrants this product to be free from defects in material
and workmanship for a period of 1 year from the date of shipment. If found to
be defective during the warranty period, the product will either be repaired or
replaced at Newport’s option.

To exercise this warranty, write or call your local Newport representative, or
contact Newport headquarters in Irvine, California. You will be given prompt
assistance and return instructions. Send the instrument, transportation
prepaid, to the indicated service facility. Repairs will be made and the instru-
ment returned, transportation prepaid. Repaired products are warranted for
the balance of the original warranty period, or at least 90 days.

Limitation of Warranty

This warranty does not apply to defects resulting from modification or misuse
of any product or part. This warranty also does not apply to fuses, batteries,
or damage from battery leakage.

This warranty is in lieu of all other warranties, expressed or implied, includ-
ing any implied warranty of merchantability or fitness for a particular use.
Newport Corporation shall not be liable for any indirect, special, or conse-
quential damages.

Statement of Calibration

This instrument has been inspected and tested in accordance with specifica-
tions published by Newport Corporation.

The accuracy and calibration of this instrument and photodetector (where
applicable) is traceable to the National Institute for Standards and Technology
through equipment which is calibrated at planned intervals by comparison to
the certified standards maintained at Newport Corporation.

Copyright 1992, Newport Corporation
Part No. 1957101, Rev. F
IN-03923 (1-00)
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EC DECLARATION OF CONFORMITY
Model 1815C

We declare that the accompanying product, identified with the

C E mark, meets the intent of the Electromagnetic Compatability
Directive, 89/336/EEC and Low Voltage Directive 73/23/EEC.

Compliance was demonstrated to the following specifications:

EN50081-1 EMISSIONS:
Radiated and conducted emissions per EN55011, Group 1,
Class A

EN50082-1 IMMUNITY:
Electrostatic Discharge per IEC 1000-4-2, severity level 3
Radiated Emission Immunity per IEC 1000-4-3, severity level 2
Fast Burst Transients per [EC 1000-4-4, severity level 3
Surge Immunity per IEC 1000 4-5, severity level 3

IEC SAFETY:

Safety requirements for electrical equipment specified in
IEC 1010-1.

A
e N i

UAlain Danielo Jeff Cannon

VP European Operations General Manager-Precision Systems
Zone Industrielle 1791 Deere Avenue
45340 Beaune-la-Rolande, France Irvine, CA USA
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Safety Symbols and Terms

The following safety terms are used in this manual:

The Warning heading in this manual explains dangers that could result in
personal injury or death.

The Caution heading in this manual explains hazards that could damage
the instrument.

In addition, a Notes heading gives information to the user that may be
beneficial in the use of this instrument.

General Warnings and Cautions

The following general warnings and cautions are applicable to this instrument:
Warning

The American National Safety Institute (ANSI) states that a shock
hazard exists when probes or sensors are exposed to voltage levels
greaterthen 42VDC or 42V peak AC. Do not exceed 42V RMS between
any portion of the Model 1815-C (or any attached detector or probe)
and earth ground or a shock hazard will result.

Caution

There are no user serviceable parts inside the Model 1815-C. Work
performed by persons not authorized by Newport may void the
warranty. For instructions on obtaining warranty repair or service
please refer to Section 5 of this manual.

Note

The Model 1815-C is a battery powered device with no internal
voltages exceeding 9V.
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BAT
BNC
°C
DC
°F
Hz
v
kHz

Definitions

amp
analog-to-digital converter
battery option

standard coaxial connector type
degrees Centigrade

direct current

degrees Fahrenheit

hertz (cycles per second)
current-to-voltage converter
kilohertz

kiloOhm

milliamp

millivolt

nanoamp

nanofarad

nanometer

relative humidity
root-mean-square

serial number

microamp

microsecond

volt

watt
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Specifications

Physical Specifications
Dimensions:
Weight:

Enclosure:
Connectors:
Power:
Battery Life:
Display:
Sample Rate:
Range Switch:

Operating Environment:

Storage Environment:

Compatible Detectors:

Electrical Specifications:

Range Knob Positions

(Position 3) W mW pW 2
(Position 2) uW nW 200
(Position 1) uW nW 20

ix

3.25 % 6.0 % 6.25 in (83 x 152 x 159 mm)
1.51b (0.7 kg)

Plastic, ABS

Signal Input BNC; Signal Output BNC
6x 1.5V AA batteries (alkaline)
130-180 hrs. (alkaline)

3.5 Digit, LCD

2.5Hz

6 positions, one per decade of gain

<70% RH Noncondensing
18°C - 28°C (65°F — 82°F)

<90% RH Noncondensing

Newport Low-Power Detectors — except
818-F-SL, 818-F-IR

Newport High-Power Detectors

20 yWmW W (Position 4)
200 yWWmW W (Position 5)
2mW W kW  (Position 6)



Current Amplification (Low-Power Detectors)
Range Switch Position 1 2 3 4 5 (G

Low-Power Full Scale 20.00 nW  200.0nW  2.000 uW  20.00 pW  200.0 uW  2.000 mW

Low-Power Full Scale 20.00 yW  200.0 uW  2.000 mW 20.00 mW 200.0 mW  2.000 W
(with Attenuator)

Full Scale Current:! 20.00nA  200.0nA  2.000 pA  20.00 pA  200.0 A 2.000 mA
Display Accuracy
Maximum Error 1.7% 1.7% 1.7% 1.7% 1.7% 1.7%
Expected (rms) Error  0.4% 0.4% 0.4% 0.4% 0.4% 0.4%
Display Resolution 10 pA 100 pA 1nA 10 nA 100 nA 1A
Display Noise Floor? <10 pA <100 pA <l nA <l10nA <100 nA <l pA
Signal Gain! 108 107 108 10° 10t 10%

Absolute Maximum
Input Rating: Current 5mA
Voltage -6V to+3V

Input Impedance 0 ohm

I CAL Factor = 1.00E+0

2 Display Noise Floor scales with the calibration factor in the following way:
Display Noise Floor = (specified noise floor) x (calibration factor mantissa)

Voltage Amplification (High-Power Detectors)

Range Switch Position 3 4 5 (G
High Power Full Scale 2.000W  20.00W  200.0W 2.000 kW
Full Scale Voltage:! 2.000mV 20.00 mV 200.0 mV  2.000 V?
Display Accuracy
Maximum Error 1.9% 1.9% 1.9% 1.9%
Expected (rms) Error 0.4% 0.4% 0.4% 0.4%
Display Resolution 1uv 10 uv 100 uv 1 mV
Display Noise Floor?
Accelerator Off <luv <10pv <100V <1mV
Accelerator On* <40 uv <40V <400V <1mV
Signal Gain! 103 102 10! 10°
Absolute Maximum
Input Rating: Voltage -6V to +3V
Input Impedance 1M ohm

! CAL Factor = 1.00E+0
2 The maximum measurable input voltage allowed by the 1815-C is 300 mV.

3 Display Noise Floor scales with the calibration factor in the following way:
Display Noise Floor = (specified noise floor) x (calibration factor mantissa)

4 ACCEL ADIJ fully clockwise (worst case)



Analog Output
Range Switch Position 1 2 3 4 5 6
Analog Output Full Scale:! 2.000V 2,000V 2,000V 2000V 2000V  2.000V
Accuracy
(relative to display) 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
Bandwidth?
Current Amplification 10 Hz 10 Hz 4 kHz 9 kHz 4 kHz 9 kHz
Voltage Amplification 15 Hz 15 Hz 15 Hz 15 Hz
Noise Floor?#5
Current Amplification
0.1Hz-3Hz <lmV_ <0.5 mv <0.5 mV <0.5 mV <0.5 mV <0.5 mvV
0.1 Hz-100 Hz <4 <0.5 <15 <0.5 <15 <0.5
0.1 Hz - 30 kHz <6 <1 <4 <1 <4 <1
Voltage Amplification
Accelerator Off
0.1Hz-3Hz <3mV__ <05mV__ <0.5mV__ <0.5mV
0.1 Hz - 100 Hz <257 2™ as™ w5
0.1 Hz - 30 kHz <30 <4 <4 <1
Accelerator On®
0.1Hz-3Hz <80 mv <8 mv <8 mV = <lmV_
0.1 Hz - 100 Hz <120 <10 <10 <1
0.1 Hz - 30 kHz <120 <10 <10 <2
Output Impedance: 1k ohm

! CAL Factor = 1.00E+0

2 Bandwidth specifications for the current amplification mode were measured with an

818-SL detector.

Analog Output Noise Floor scales with the calibration factor in the following way:
Analog Output Noise Floor = (specified noise floor) x (calibration factor mantissa)

The specified values are representative of meter/detector system noise.

If the noise floor is greater than specified, see Section 3.3.2 (Quantum Detector Tempera-
ture Effects)

6 ACCEL ADJ fully clockwise (worst case)

Detector Responsivity Limits:

Detector in Use

Allowed Responsivities  Allowed Calibration Factors

Low-Power
Low-Power with Attentuator

High-Power
Gain Position 3
Gain Position 4
Gain Position 5
Gain Position 6

5.26E-2 to 1.11E+1 A/W
5.26E-5 to 1.11E-2 A/W

5.26E-5 to 2.00E-3 V/W
5.26E-5 to 2.00E-3 V/W
5.26E-5 to 1.54E-3 V/W
5.26E-5 to 1.54E—4 V/W

0.90E-1 to 19.00E+0 W/A
0.90E+2 to 19.00E+3 W/A

5.00E+2 to 19.00E+3 W/V!
5.00E+2 to 19.00E+3 W/V!
6.50E+2 to 19.00E+3 W/V!
6.50E+3 to 19.00E+3 W/V'?2

If a calibration factor less than those specified is used, the internal electronics will

saturate before full scale readings are reached. For Newport detectors, electronic

saturation only occurs if the detectors are used well beyond their damage thresholds.

2

300 mV is the maximum input voltage allowed before the internal electronics saturate.

T These limits allow the use of compatible Newport detectors over their calibrated

operating ranges.

Zeroing Offset Dynamic Range: Covers the 4-5 highest gain decades.
Actual range varies with parameter settings.

Zero Drift: With CAL Factor = 1.00E+0 and range switch set to 20nW in current mode, the

display reads <1% of Full Scale over 12 hours at + 2°F.

xi
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m System Overview

m Scope of this manual

Section 1

General Information

The Model 1815-Cis an accurate low cost optical power meter that provides
optical measurement capability from nanowatts to kilowatts. Front panel
Range and ZERO functions facilitate use while awavelength compensation
CALfeatureinsures that NIST/NPLtraceable measurements can be performed.
Compatible with Newport’s Low-Power and High-Power detector families, the
Model 1815-C covers the majority of optical power measurement needs. The
Model 1815-C Optical Power Meter and its accessories are presented in

Figure 1. Section 1.5 in this manual presents a detailed description of available
accessories and options.

FP3-CAl
FP3CA2  FP3FHI
FP3-CA3

- FP3CAS
g1e130, ryere LI

818T-150X
818T-300

y 818FA2
@ 818UV
818sL
SlSR 818ST

Figure 1 — Model 1815-C Controller and Accessories

Please carefully read this instruction manual before using the Model 1815-C.
Beespecially careful to observe the warnings and cautions throughout this
manual (see General Warnings and Cautions). If any operating instructions
arenotclear, contact Newport Corporation.

This instruction manual contains the necessaryinformation for operation and
maintenance of the Newport Model 1815-C as well as information for trouble-
shooting and obtaining serviceif necessary. This informationis divided into
thefollowing sections:

e Section 1 provides General Information about the Model 1815-C.

e Section 2 provides System Operation procedures.



Unpacking and
Inspection

m Preparation for Use

Optional Accessories
and Services

e Section 3 provides information about the Principles of Operation of the

Model 1815-C.

e Section4 provides for Test, Maintenance and Adjustment of the Model

1815-C.

e Section5provides instructions for obtaining Factory Service.

AllModel 1815-C Optical Power Meters are carefully assembled, tested, and
inspected before shipment. Uponreceiving this instrument, check for any
obvious signs of physical damage that might have occurred during shipment.
Report any such damage to the shipping agentimmediately. Retain the
original packing materials in case reshipment becomes necessary.

The Model 1815-C Optical Power Meter should have some operations per-
formed before measurements are made. Theseinclude:

e (Connectionand calibration of the detector (Section 2.4.3 and 2.4.4)

Thefollowingtable describesthe accessories and services available for use
with the Model 1815-C Optical Power Meter. Refer to Figure 1 for where each
accessory fits within the Model 1815-C Optical Power Meter family tree. For
more information, please refer tothe Newport Catalog.

Table 1 — Model 1815-C Compatible Detectors

Accessory Description

Low-Power Detectors

818-UV 0.25to 1.1 um, silicon, cylindrical with
detachable OD3 attenuator

818-SL 0.4to 1.1 um,silicon, cylindrical with
detachable OD3 attenuator

818R 0.78to 1.8 um, germanium, cylindrical with
detachable OD3 attenuator

818-ST 0.4to 1.1 um, silicon, wand detector with

High-Power Detectors

818T-10

818T-30

818T-150

818T-150X

818T-300

integralinsertable OD3 attenuator

10 W lat spectral response air cooled disk
thermopile

30 W flat spectral response air cooled disk
thermopile

150 W flat spectral response air cooled disk
thermopile

150 Wflat spectral response air cooled
eximer optimized diskthermopile

300 W flat spectral response water cooled
diskthermopile



m Introduction
E Front and Rear Panels

Section 2

System Operation

This section contains the information needed to prepare and operate the
Model 1815-C Optical Power Meter. Operation consists of using the Model
1815-Cto perform basic optical power measurements using one of Newport’s
compatible detectors.

Operating controls and settings for the Model 1815-C are found on both the
front and rear panels. For general operation, only the front panel controls are
used. Therear panel controls and settings are used for meter/detector setup.
The front and rear panels of the Model 1815-C are shown in Figures 2 and 3
respectively. Thefollowing table gives ashort description of each Model
1815-C control:

Table 2 — Model 1815-C Controls

Control Description Comment

POWER Push Button Turns the Model 1815-C on and off

CAL Push Button Causes the meters CAL valueto be
displayed.

CALADJ 10 Turn Trim Pot Setsthe mantissa of the Calibration
Factor.

ZFRO 10 TurnKnob Zeros the display. Used to elimi-
nateambient signals.

Range 6 Position Knob Adjusts the meter’s signal gain.

ACCELADJ 25 Turn Trim Pot Sets the thermopile acceleration
time constant.

SETUP 4 Switch DIP Bank Configures the meter tothe

detectorinuse.



Range Knob
|

- o W mW W
(R W
“ [ ‘ “ Hw nw

= ON (1)

!

POWER CAL

L1 OFF (0) @

|

QYD Newwport = Power Meter = Model 1815-C

2
200
20

LOW POWER
LOW POWER W/ATTN

200 pW mW W

HIGH POWER

CAL ADJ

20 W mW W

2mW W kW

|

ZERO

/
Power On/Off

Figure 2— Model 1815-C Front Panel and Controls

|
Display Calibration
Factor Mantissa

SETUP DIP Switch Bank Setting Instructions

\

Calibration Factor
Mantissa Adjust

\
Zero offset adjust

INPUT

NOTE: For Cal. Factor Exp. numbers other than shown,
see Setting the Calibration Factor Exponent in manual.

g
A

Cal. Factor Exp. -1 0 [+1 [+2 [+3
Low-Power 0
Low-Power w/Attn 0 1
High-Power 0 1
Y
1 0 X 0| Low-Power (Semiconductor)
0 1 X 0 | High-Power (Thermopile)
Not Accelerated
01X1 Eigh-rowterd(Thermopile)
Afi?.e Ig(rezs. See Manual AE—\:(D:EL

ANALOG
OUTPUT

|G

Input BNC Connector

[
DIP Switch

Acceleration Time
Constant Adjust

!
Output BNC Connector

Figure 3— Model 1815-C Rear Panel and Controls

2.2.1 Range Knob

The Range knob is shown in Figure 4. This knob adjusts the signal gain of the
Model 1815-C. The units arrayed around the knob reflect the units of measure-
ment when using a particular type of Newport detector. As an example, ifa
measurement with aLow-Power detector withits attenuator was being made,
then the proper units would be read from the middle (blue) column of units
found on either side of the knob.



H Getting Started
m Using the System

(Position 3) W mW uW 2 20 yWmW W (Position 4)

(Position 2) uW nW 200 200 yWmW W (Position 5)

(Position 1) uW nW 20 2mW W kW  (Position 6)

e |

LOW POWER W/ATTN
HIGH POWER

Figure 4— Model 1815-C Range Knob

2.2.2 ZERO Knob

The ZERO knob adjusts the display and analog output values up or down. It is
used to zerothe display toremove the effects of low level ambient signals
before making ameasurement. The ZERO function can offset signals overa5
decaderange.

NOTE

Turn the ZERO knob clockwise (counter clockwise) to reduce (in-
crease) the offsetting signal generated by the ZERO circuit.

2.2.3 SETUP DIP Switch Bank

The SETUP DIP switch bank configures the meter to the type of Newport
detector the meter will be used with. The following table identifies the func-
tion each SETUP switch position performs:

Table 3 — SETUP DIP Switch Functions

SETUP Switch Switch Position Description
1&2 Selects for Low-Power (semiconduc-
1‘ T T’ T tor) detector (1,0) or High-Power
1 (thermopile) detector (0,1).
Emi 3 Sets the calibration factor exponent.
0 See Section2.4.4
4 Selects Accelerated (1) or Not

Accelerated (0) response.
SeeSection2.4.5

Please carefully read this instruction manual before using the Model 1815-C
Optical Power Meter. If any operating instructions are not clear, contact
Newport Corporation.

The Model 1815-C Optical Power Meter relies on the user to properly install
the calibration factor describing the detector at the measurement wavelength
inuse. Inordertoassurethat accurately calibrated measurements are
obtained, please carefully read and follow the instructions regarding Detector
Calibration Factor and its entry. See Sections 2.4.4,2.4.4.1 and 2.4.4.2.



2.4.1 Battery Installation/Replacement

The Model 1815-C uses a 3.5 digit announciated LCD display. The display’s
BAT announciator lights when the battery voltage has dropped to 7 volts and
indicates that new batteries are needed. The Model 1815-C uses six 1.5V AA
batteries. Toreplacethese batteries use the following procedure:

1. Turnthe Model 1815-C off and open the case by removing the two
screws on the bottom of the meter.

2. Unfastenthevelcrostraps, and removethe batteries.

3. Insertsixnew 1.5V AA batteries (Alkaline) making sure to orient the
polarity of the batteries as indicated by the battery holders.

4. Securethevelcroacross batteries.

5. Closeandresecurethe casewiththetwoscrews.

2.4.2 Power Up

Turn onthe Model 1815-C by depressing the POWER switchlocated onthe
front of the meter. The digital display should light indicating that the meter is
operating. Ifthe BAT announciatorislit, replace the batteries. See Section
24.1.

2.4.3 Detector Connection and Setup

Connect the detector to the INPUT BNC found on the rear of the Model 1815-C.
Youmay connect or disconnect any Newport Low-Power, or High-Power
detector at any time (even when the meter is on) without damage.

Adjust the SETUP switch banktoreflect the type of Newport detector that the
Model 1815-C is being used with. If you are not using a Newport detector,
follow the table below when setting up the Model 1815-C. This tableis repro-
duced ontherear panel of the Model 1815-C, see Figure 3.

Table 4 — SETUP DIP Switch Settings

SETUP
Detector Type Responsivity Switch Position
Units 1 2 3 4
Low-Power (Semiconductor) A/W 1 0 X 0
High-Power (Thermopile)
Not Accelerated V/W 0 1 X 0
High-Power (Thermopile)
Accelerated V/W 0 1 X 1

T SeeSection 2.4.4.2to determine the proper setting for switch position 3.



2.4.4 Setting the Detector Calibration Factor

The calibration factor tells the Model 1815-C how to account for adetector’s
responsivity at the measurement wavelength. Each Newport detector arrives
with calibration information. The information will reflect detector
responsivities and calibration factors. A calibrationfactoris calculated froma
responsivity by simply taking the inverse of the responsivity and expressing it
inscientific notation, i.e.d.ddE+d.

Examplel: ResponsivityR=0.568 A/W thus the CalibrationFactor=1.76
E+0 W/A

Example2: ResponsivityR=0.346 mV/W thus the Calibration Factor =
2.89E+3 W/V

Note

Be sure to re-express the responsivity value in units of A/W or V/W
before calculating the inverse. See Example 2 above.

2.4.4.1 Setting the Calibration Factor Mantissa

The mantissaof the calibration factor is the d.dd of the full calibration factor
valued.ddE+d. The mantissais the most frequent calibration adjustment
made when making measurements at various wavelengths. To set the man-
tissa, usethefollowing procedure:

1. Pressthefront panel CALbuttonintoits depressed position.

2. Adjustthefront panel CAL ADJ until the display matches the calibration
factor mantissa.

Example:Ifthe Calibration Factor = 2.89 E+3, then the display should
indicate 2.89.

3. Releasethe CAL button fromits depressed position.

NOTE

Set the calibration factor mantissa with the Accelerator circuit
turned off. (SETUP DIP switch position 4)

2.4.4.2 Setting the Calibration Factor Exponent

The calibration factor exponent is the +d of the full calibration factor value
d.ddExd discussedin Section 2.4.4. The exponent rarely needs to be set more
than once when using the Model 1815-C with a particular detector. However it
is stillwise to check that the exponent does not need resetting when making
measurements at multiple wavelengths. To set the exponent (SETUP switch
position 3, see Section 2.2.3), use the following lookup table:



Table 5 — Calibration Factor Exponent; SETUP DIP Position 3

Calibration Factor Exponent -2 -1 +0 +1 +2 +3 +4
Low-Power or 0 1 1 NA NA NA
Low-Power with Attenuator NA NA NA 0r 0 1 1
High-Power NA NA NA O 0 1 1

T Divide the mantissa by 10 and re-enter. Example: 9.00E-2 becomes 0.90E-1. Now
0.90is the mantissaand -1 is the exponent.

# Multiply the mantissa by 10 and re-enter. Example 1.50E+4 becomes 15.00E+3. Now
15.00 is the mantissa and +3 is the exponent.

2.4.5 Detector Acceleration Time Constant

NOTE

Accelerator circuit will increase the noise floorlevel.

TheModel 1815-C uses an acceleration circuit to electronically shorten the
risetime of Newport’s High-Power disk thermopile detectors. This is done
when SETUP switch position4is setto “1”. Aback panel potentiometer,
ACCELADJ, isused to adjust thetime constant of the acceleration circuit to
matchthetime constant of the detector. Since most of Newport’s High-Power
detectors have approximately a 1 second time constant, the ACCELADJ
potentiometer is adjusted at the factory for this value. However, because the
actualtime constant is not exactly 1 second for all the smaller thermopiles, it
may berequired to optimize the acceleration.

You can set or fine tune the ACCEL ADJ to your particular detector. This is
especially useful if you are monitoring the processed analog output on an
oscilloscope or other time based or datalogging instrument. This adjustment
isrequired if you are using a High-Power detector that does not have a1 sec.
time constant. Whenthe ACCEL ADJ setting does not match the actual time
constant of the attached detector, you will see some overshoot or undershoot
ontheprocessed analog output signal. To fine tune the ACCEL ADJ potenti-
ometer use thefollowing procedure:

1. Set the SETUP DIP switch positions 1, 2,3 and 4to “0, 1, X, 1”. Con-
nect your High-Power detector and monitor the analog output onan
oscilloscope.

2. Introduceastep function of optical power to the High-Power detector.
Youshould observe asignal trace similar to Figure 5.

3. Adjustthe ACCELADJ potentiometer untilthe overshoot or undershoot
ofthe analog output signal is eliminated.



Input Optical Signal

Correct

Overshoot N

Undershoot

Analog Output Signal

Figure 5— Detector Time Constant Acceleration Adjustment

Note

If you are operating the Model 1815-C with a High-Power detector and
with the signal acceleration turned off, then no adjustment to the
ACCELADJisrequired.

Note

Acceleration can only be used with High-Power (thermopile) detec-
tors. Ifacceleration is used with other detectors, erroneousreadings
canresult.

2.4.6 Analog Output

The Model 1815-C provides a 0 to 2 volt BNC analog output for signal monitor-
ing. The signal reflects actual power measured by being equal to the digital
display value. Thus, if the digital display indicates 1.560, then the analog
output voltage will be 1.560 volts.
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Section 3

Principles of Operation

The Model 1815-C is an optical power meter whose electronics can adapt to
the signals from both semiconductor and themopile detectors. This versatility
isrequired to handle the various signals that Newport’s Low-Power, and High-
Power detector families generate. These detector families are based on
semiconductor and diskthermopile detectors respectively.

Ablockdiagram of signal flow through the Model 1815-C is shown in Figure 6.
The actual flow through the diagram depends upon the SETUP switch settings.

Signal
Accelerator

Input || Configurable [ ZERO || Calibration Al_O
BNC Amplifier Adjust Adjust
Output || Output <
BNC Amplifier N
Digital < A/D
Display T Converter

Figure 6 — Simplified Model 1815-C Functional Block Diagram

The Model 1815-C Optical Power Meter is a configurable current or voltage
measuring instrument optimized for use with semiconductor photodiodes
(current measurement) or diskthermopiles (voltage measurement).

Detector signals are introduced to the Model 1815-C by way of aBNC input
connector. Abank of DIP switches found on the back of the Model 1815-C
configures the amplifier as either atransimpedance current amplifier or as a

1 MQinputimpedance voltage amplifier. The amplified signalis then further
processed viaaZERO offset adjust, a Calibration Factor compensation (adjust-
ablesignal attenuator) stage, and if appropriate a signal accelerator circuit.
Theresulting signal is then sent to the A-D converter and displayed.

This section describes detector and attenuator characteristics, optical and
electrical considerations, and environmental influences on optical measure-
ments. In general, the accuracy of measurement with the Model 1815-C is
limited by the calibration accuracy of the detector calibration. Making accu-
rate measurements of optical power is however, also dependent upon prop-
erly setting up the Model 1815-C, controlling temperature and illumination
conditions and understanding the factors that affect power measurement.
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3.3.1 Detector Calibration and Accuracy

Newport Corporation calibrates its detectors using secondary standards
directly traceableto the United States National Institiute of Science and
Technology (NIST) or to Great Britain’s National Physical Laboratory, (NPL).
The details and accuracy of the calibration procedure vary with each detector
model but a detailed description of the calibration results is supplied with
eachindividually calibrated detector.

In general, detector calibration accuracy ranges from 2% to 5% in absolute
terms and varies with wavelength. Each detector will have some variation in
theresponse over different sections of its surface. Therefore, for the most
reproducible measurements, light should illuminate the detector as uniformly
as possible over 80% of the detector’s active area.

Caution

Avoid focusing alight source onto the detector surface. Inaccurate
readings and possible detector damage may result. Consult your
detector manual for information on detector saturation or damage
thresholds.

NIST traceability requires that detectors berecalibrated on one year intervals.
Asindividual detector responses change with time, especially in the ultravio-
let, recalibrationis necessarytoassure confidenceintheaccuracyofthe
measurement. For the most reproducible measurements, the same detector
should always be used for measurements which are to be directly compared.

3.3.2 Quantum Detector Temperature Effects

Semiconductor based photodiode detector characteristics (Newport Corporation
Low-Power detectors) are significantly affected by temperature. Atlonger
wavelengths, these quantum detectors typicallylose sensitivity with increasing
temperature. However the detector dark current increases exponentially with
temperature. For silicon detectors, dark current is generally on the order of afew
picoamps atroom temperatures. With uncooled germanium detectors,however,
this dark currentis onthe order of ananoamp, or typically 1,000to 10,000 times
greater thansilicon. These dark currents can be zeroed at any moment in time via
theModel 1815-C’sZERO knob. Since dark currents drift with temperature, the
ZERO should be adjusted just prior to taking any measurements. Thenoise or
driftinthedark current sets alower bound onthe measurement resolution which
canbeachieved with any given detector.

Ifthe detector temperature is constant, sensitivity changes and dark current
drifts are significantly reduced. In addition, ifthe detector is cooled, the dark
current and dark current noise will decrease. For the most accurate measure-
ments, particularly with germanium detectors, the user should cool the
detector to approximately 0 °C and control the temperature to within+1°C.

3.3.3 Thermopile Detector Temperature Effects

Diskthemopile based detector characteristics (Newport Corporation High-
Power detectors) are significantly affected by temperature fluctuations arising
from air flow disturbances. As the detector elementis aheat measuring
device, air flow disturbances often set a practical lower limit on the power that
adetector can measure. In order to get the most out of any thermopile
detector, be careful to shield the detector from air flow disturbances. Com-
mon sources of disturbance are air conditioners and people walking past.

11



Performing Basic
Measurements

3.3.4 Ambient and Stray Light

Ambient and stray light striking the detector willbe measured by the Model
1815-C, and should be considered when making careful measurements. Ambi-
entlight can be distinguished from dark current (or the detector/meter noise
floor) by either turning off or blocking the source and covering the detector
face with opaque material such as a piece of black metal. Using the human
hand to cover the detector is not advised because it both emits a significant
amount of infrared radiation, and because it radiates atemperature signifi-
cantly different from ambient. With the detector covered, areading of the
dark current may be made. Next, remove the material whichis covering the
detector and take another reading. The differenceis the ambient light level.

The effects of ambient light are greatly reduce when using a fiber-
connectorized signal input to the detector. If free-space beam measurements
aredesired, using an attenuator (Low-Power detectors have an OD3 attenua-
torincluded) willreduce straylight and often improve the source signal to
ambient signal noise level. Wavelength-specific filters, such as optical cutoff,
bandpass, or spikefilters can also be used if the signal wavelength spectrum
permits. Other techniques toreduce straylight include using apertures,
placing the detector in abox or other housing to shield the surface from light
(orair currents when using Newport’s High-Power disk thermopile detectors)
whichis not coming from the source, and turning off room and other lights.

Note

Changes in ambient light levels can occur from such factors as
turning room lights on or off, or by moving people or equipment.
Remember, if you can see your detector element, then your detector
can see the light bouncing off your shirt!

Basic measurement techniques for using the Model 1815-C are coveredin the
following sections. Alsoincluded are methods of background correction and
common measurement errors. In general the absolute measurement accuracy
islimited by the accuracy of the detector calibration and environmental
factors affecting the detector. Seethe appropriate detector manual for
specificinformation on a particular detector model.

3.4.1 Making a Power Measurement

Thefollowing process describes the procedure for making a basic optical
power measurement while properly removing influence of ambient light and
other drift effects.

1. Setupthemeter calibrationfactortoreflect the detector at wavelength
oflight you will be making your power measurement at. See Sections
244.1and2.4.4.2.

2. Cover or otherwise blockthe source that you will be measuring and
adjust the Range knob until the ambient signal is displayed to three
significant figures.

3. UsetheZERO knob toremove the ambient signal by zeroing the display.

4. Uncover the source and adjust the Range knob until the source power is
displayed to three significant figures of accuracy.

5. Recordthedisplay value andthe appropriate units from the Range
knobs position. This reading is your optical power.

12



E System Accuracy

The process as detailed assumes that the ambient signal is not changing

between when you zero the display (step 3) and when you make your mea-
surement, (step 5). Remember though, if you can see your detector as you
move around, then your detector can see you as achanging ambient signal!

3.4.2 Common Measurement Errors

The most common source of optical power measurement error are listed in
Table 6 below.

Table 6 — Common Measurement Errors

Type of Error Type of Detector Whatshould be done?

Radiometry Any Checkthat all of the light
is actually hitting the
detector.

Ambient Light Any Checkthat any ambient
light was ZEROed before
the measurement was
made.

Wavelength Calibration Any Checkthat the Calibration
Factor for the measure-
ment wavelength is
properlyset.

Low Battery Power Any Checkthat meteris not
indicatinglow BAT.

Detector Saturation Low-Power Checkthat the optical
power density remains
below the detector’s
saturationthreshold.

Meter SETUP Configuration Any Checkthat the SETUP DIP
switch bankis properly
set up for the detector
being used.

The system measurement accuracy of the Model 1815-C Optical Power Meter
is primarily governed by the calibration accuracy of the attached detector.
Theelectronic accuracy of the Model 1815-C exceeds the calibration uncer-
tainties of detectors by almost one decade. However, as NIST calibration
capabilitiesimprove, system accuracies may eventually begin to experience
theinfluence of electronic accuracy uncertainties.

13



4.1

Maintenance
Procedures

Performance
Verification

Section 4
Test, Maintenance and Troubleshooting

In cleaning the body of this instrument, use only a mild soap and water
solution onadamp cloth.

Caution

Do not use acetone or other organic solvents on the Model 1815-C.
Organicsolvents attack the ABS plastic case.

This section contains information to verify that the Model 1815-C electrical
performanceis within the specified accuracy. Model 1815-C specifications
may be found at the front of this manual.

Ideally, performance verification should be performed when the instrument is
firstreceived to ensure that no damage or changein calibration has occurred
during shipment. The verification procedure should also be performed
whenever instrument accuracyis suspect. If the performance under these
circumstancesis outside specified limits, contact Newport Corporation about
re-calibration.

Note

If the instrument does not meet specifications and it is still under
warranty (less than 12 months since date of shipment), contact your
local Newport Corporation representative or the factory to deter-
mine the action to be taken.

4.2.1 Environmental Conditions

Theinstrument should be operated with ambient temperature surrounding the
Model 1815-C between 18°C and 28°C with arelative humidity of less than 70%.

4.2.2 Recommended Test Equipment

Equipment for verifying the performance of the Model 1815-Cis listed in Table
7. Alternative equipment may be used so long as the equipment accuracy is at
least as good as the specifications listed in Table 7.

Table 7 — Recommended Calibration Equipment

Description Specification Manufacturer Model
Current Source 1.00nAto 10 mA Keithley 220
Required Accuracy
<100 nA +0.4%

>100nA +0.1%

DCVoltage Source 1uVResolution
(Resistive voltage
divider may berequired)

Digital Multimeter 1uVResolution Keithley 192
Required Accuracy
+0.4%
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4.2.3 Initial Conditions

Before performing the verification procedures, make sure the Model 1815-C
meets the following environmental criteria:

a. Iftheinstrument has been subjecttotemperatures either below 18°C
(65°F) or above 28°C (82°F), allow sufficient time for the instrument to
reach temperatures within this range. It generally takes one hour to
stabilize aModel 1815-C that is >10°C (18°F) outside of this range.

b. Turnonthe Model 1815-C and allow it to warm up for 10 minutes.

4.2.4 Verification Procedures

To properly checkthe accuracy ofthe Model 1815-C, a precision current
source and precision function generator are necessary. The precise currents
required are obtained by using a precisely setable current source such as the
Keithley Instruments Model 220 and a precisely setable Voltage Source such as
the Hewlett-Packard 8904A, Function Generator.

(Position 3) W mW uW 2 20 yWmW W (Position 4)
(Position 2) uW nW 200 200 yWmW W (Position 5)
(Position 1) uW nW 20 2mW W kW  (Position 6)

Figure 7 — Model 1815-C Range Switch Positions

a. Verifying current measurement performance:

1.

Set the Model 1815-C SETUP DIP bankto: 1,0, 1,0 for positions 1, 2,
Jand4respectively.

. Setthe Range switch to position 1, the highest gain position. See

Figure7.

Press the CAL button and adjust CAL ADJ untilthe displayindicates
1.00 and thenrelease the CAL button.

With an open input, use the ZERO knob to adjust the display to 00.00
+0.05.

Connectthe Model 1815-C to a current source.

Using Table 8 as aguide, set the appropriate output currents listed
andrecord theresulting Model 1815-C display readings.
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Table 8 — Model 1815-C Current Calibration Check

Range Current Desired Actual  Allowable Expected

Position Supplied Reading Reading t+Error t+Error
1 18.00nA 18.00nA 0.31nA 0.08nA
2 180.0nA 180.0nA 3.1nA 0.8nA
3 1.800pnA 1.800puA 0.031pA 0.008 uA
4 18.00pnA 18.00uA 0.31pA 0.08 uA
5 180.0pnA 180.0pnA 3.1pA 0.8uA
6 1.800mA  1.800mA 0.031mA 0.008 mA

b. Verifying voltage measurement performance:

1.

Set the Model 1815-C SETUP DIP bank to: 0, 1, 1, 0 for positions 1, 2,
3and4respectively.

. Setthe Range switchto position 3, the highest gain positioninthe

voltagemode. SeeFigure 7.

Press the CAL button and adjust CAL ADJ untilthe displayindicates
1.00 and thenreleasethe CALbutton.

. Withashorted input, use the ZERO knob to adjust the display to

00.00+0.05.
Connect the Model 1815-C to avoltage source.

Using Table9 as a guide, set the appropriate output voltages listed
andrecord theresulting Model 1815-C display readings. Adjust the
Range switchasrequired.

Table 9 — Model 1815-C Voltage Calibration Check

Range Voltage Desired Actual Allowable  Expected

Position  Supplied Reading Reading t+Error tError
3 1.800mV 1.800mV 0.034mV 0.008 mV
4 18.00mV 18.00mV 0.34mV 0.08 mV
5 180.0mV 180.0mV 3.4mV 0.8mV
6 1.800V 1.800V 0.034V 0.008V
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Troubleshooting
Guide

The following troubleshooting guideis intended toisolate and solve problems
with the power meter so that, to the greatest extent possible, thereturn of the
power meter/detector system to Newport will be unnecessary. For the
problems that cannot be resolved with information in this manual, or for other
situations that arenot covered in this section, please see Section 5 for details
onreturning your entire system to Newport for service.

Table 10 — Symptom/Fault Troubleshooting Guide

Symptom Possible Fault/Correction

Blankdisplay. Power switch OFF. Turn switch ON.
Batteries dead. Replace batteries per
Section2.4.1.

BAT indicator lit. Batteries voltageislow. Replace batter-

Display value does not change.

Displayindicates +1

Readingis different than expected.

17

ies per Section2.4.1.

CALbutton depressed. Release CAL
button.

Signal overflow. Adjust Range knob
clockwise.

See Table 6 Common Measurement
Errors.Section3.4.2.



Introduction

E Obtaining Service

Section 5

Factory Service

This section contains information regarding obtaining factory service for

the Model 1815-C Optical Power Meter. The user should not attempt any
maintenance or service of this instrument and/or accessories beyond the
procedures givenin Section 4: Test, Maintenance and Troubleshooting. Any
problems which cannot beresolved using the guidelines listed in Section 4
should bereferred to Newport Corporation factory service personnel. Contact
Newport Corporation or your Newport representative for assistance.

The Model 1815-C contains no user serviceable parts other than batteries, see
Section 2.4.1. Its calibration accuracy is warranted for a period of 1 year. After
1year, the unit should bereturned to Newport Corporation for recalibration.

Toobtaininformation concerningfactory service, contact Newport Corporation
oryour Newportrepresentative. Please have the followinginformation available:

1. Instrument model number (On front panel)
2. Instrument serialnumber (Onrear panel)
3. Descriptionofthe problem.

Iftheinstrumentis tobereturned to Newport Corporation, youwill be given a
Return Authorization Number, which youshould reference in your shipping
documents.

Pleasefill out the service form,located on page 19, and have the information
ready when contacting Newport Corporation. Return the completed service
formwith theinstrument.
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Service Form Newport Corporation
U.S.A. Office: 949/863-3144

FAX: 949/253-1800

Name RETURN AUTHORIZATION #
Company (Please obtain prior to return of item)
Address Date

Country Phone Number

P.O. Number FAX Number

Item(s) Being Returned:
Model # Serial #

Description:

Reason for return of goods (please list any specific problems)

Please complete the below, as appropriate.

List all control settings and describe problem:

(Attach additional sheets as necessary).

Show a block diagram of your measurement system including all instruments connected (whether power is turned
on or not). Describe signal source. If source is a laser, describe output mode, peak power, pulse width, repetition
rate and energy density.

Where is the measurement being performed?

(factory, controlled laboratory, out-of-doors, etc.)

What power line voltage is used? Variation?
Frequency? Ambient Temperature?
Variation? °F. Rel. Humidity? Other?

Any additional information. (If special modifications have been made by the user, please describe below).
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