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Newport.

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 IEC 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.

S

PR . Lot

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
greater then 42VDCor 42V peak AC. Do not exceed 42VRMS 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.

roO......C...'Q.O.......C...3.....0.'..'.0'...0..‘....'

Note
The Model 1815-C is a battery powered device with no internal
voltages exceeding 9V.
N
i
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BAT
BNC

Deﬁnitiohs

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: 3.25x6.0 x 6.25 in (83 x 152 x 159 mm)
Weight: 1.51b (0.7 kg)
Enclosure: Plastic, ABS
Connectors: Signal Input BNC; Signal Output BNC
Power: 6x 1.5 V AA batteries (alkaline)
Battery Life: 130-180 hrs. (alkaline)
Display: 3.5 Digit, LCD
Sample Rate: 2.5Hz
Range Switch: 6 positions, one per decade of gain
Operating Environment: <70% RH Noncondensing
18°C ~ 28°C (65°F — 82°F)
Storage Environment: <90% RH Noncondensing
Compatible Detectors: Newport Low-Power Detectors — except
818-F-SL, 818-FIR
Newport High-Power Detectors
Electrical Specifications:
Range Knob Positions
(Position 3) W mWpw 2 20 WmW W (Position 4)
(Position 2) uW nW 200 200 yWmW W (Position 5)
{Position 1) uW nW 20 2mW W kW  (Position 6)

ix
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Current Amplification (Low-Power Detectors)
Range Switch Position 1 2 3 4 5 6

Low-Power Full Scale 20.00 nW  200.0 nW 2,000 uW 20.00 u4W 200.0 uW 2.000 mW

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

Full Scale Current:! 20.00nA 200.0nA 2000pA 20.00pA  200.0pA  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 1pA
Display Noise Floor? <l0pA <100pA <lnA <10nA <100nA <lpA
Signal Gain' 108 107 108 10° 10* 103
Absolute Maximum
Input Rating: Current 5mA
Voltage —6V to+3V
Input Impedance 0 ohm

! 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 6
High Power Full Scale 2000W 2000W 200.0W 2.000 kW
Full Scale Voltage:! 2.000mV 20.00mV 200.0mV 2000 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 v 100 v 1mV
Display Noise Floor®
Accelerator Off <luv <10uV  <100pV  <ImV
Accelerater On* <40pV  <40pvV <400uvV  <lmv
Signal Gain! 10° 102 10t 10°
Absolute Maximum
Input Rating: Voltage -6V to+3V
Input Impedance IM 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 AD! fully clockwise (worst case)
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Analog Output
Range Switch Position 1 2 3 4 5 6
Analog Output Full Scale:' 2000V 2000V 2000V 2000V 2000V 2000V
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 4kHz 9 kHz
Voltage Amplification 15Hz 15Hz 15Hz 15Hz
Noise Floor®*$
Current Amplification
0.1Hz-3Hz <IlmV_ <05mV_ <05mV__ <05mV__ <0.5mV__ <0.5mV
0.1 Hz - 100 Hz 4”7 w5 a5 w5 as” <5
0.1 Hz-30 kHz <6 <1 <4 <1 <4 <1
Voltage Amplification
Accelerator Off
0.1Hz-3Hz <3mV__ <05mV__ <05mV__ <0.5mV
0.1 Hz - 100 Hz <257 2 as” «ws™
0.1 Hz - 30 kHz <30 <4 <4 <1
Accelerator On®
0.1Hz-3Hz <80 mV <8 mV <8 mV <l mV
0.1 Hz - 100 Hz <1207 <107 <107 a”
0.1 Hz - 30 kHz <120 <10 <10 <2
Output Impedance: 1kohm

1

2

CAL Factor = 1.00E+0

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)

ACCEL ADI] fully clockwise (worst case)

Detector Responsivity Limitsi:

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 1.54E4 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*?

! 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,

i




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
Rangeand ZERO functions facilitate use while awavelength compensation
CAL featureinsures that NIST/NPL traceable 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 1.5in this manual presents a detailed description of available
accessoriesand options.

FP3-CAL
FP3-CA2 FP3-FH1
Py ||
T- A ;
816130 rescas |
818T-150 FP3-CA6 L

818T-150X I
8187-300 :

S18fA] [SiBFA2
@ 8184V
gL 8185T

Figure 1 — Model 1815-C Controller and Accessories

Please carefully read this instruction manual before using the Model 1815-C.
Be especially careful to observe the warnings and cautions throughout this
manual (see General Warnings and Cautions). If any operatinginstructions
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. Thisinformationis divided into
thefollowingsections:

¢ Section 1 provides General Information aboutthe Model 1815-C.

¢ Section 2 provides System Operation procedures.




Unpacking and
Inspection

m Preparation for Use

Optional Accessories

1.5 and Services

* Section 3 providesinformation about the Principles of Operation of the
Model 1815-C.

* Section4provides for Test, Maintenance and Adjustment of the Model
1815-C.

* Section5 providesinstructions for obtaining Factory Service.

AllModel 1815-C Optical Power Meters are carefully assembled, tested, and
inspected before shipment. Upon receiving this instrument, check for any
obvious signs of physical damage that might have occurred during shipment.
Reportany such damage tothe shipping agent immediately. Retainthe
original packing materialsin case reshipment becomes necessary.

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

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

The following table describes the 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
moreinformation, pleaserefer tothe Newport Catalog.

Table 1 — Model 1815-C Compatible Detectors

Accessory

Description

Low-Power Detectors
818UV

0.25to 1.1 pm, silicon, cylindrical with
detachable OD3 attenuator

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

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

818ST 0.4to 1.1 um, silicon, wand detector with
integralinsertable OD3 attenuator

High-Power Detectors

818T-10 10W flat spectral response air cooled disk
thermopile

818T-30 30 W flat spectral response air cooled disk
thermopile

818T-150 150 W flat spectral response air cooled disk
thermopile

818T-150X 150 W flat spectral response air cooled
eximer optimized diskthermopile

818T-300 300 W flat spectral response water cooled

diskthermopile

pﬁﬁﬂﬁﬂﬂﬁﬂﬂﬂﬁﬁﬂoQQQQQQQ«QQQQ«cnﬁcc«cc««cqcccctc‘«m«««c««
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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
frontandrear 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 2and 3
respectively. Thefollowingtable 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 value to be
displayed.

CALADJ 10 Turn Trim Pot Setsthemantissaofthe Calibration
Factor.

ZFERO 10 TurnKnob Zeros thedisplay. Used to elimi-
nate ambient signals.

Range 6 Position Knob Adjuststhemeter’s signal gain.

ACCELADJ 25Turn Trim Pot Setsthethermopileacceleration
time constant.

SETUP 4 Switch DIP Bank Configuresthe meterto the

detectorinuse.




Range Knob
|

QD Newport « Power Meter « Model 1815-C

(0 (7
{ D L/
CRL. ¢ .

WmWuW 2 20 pWmW W
uW nW 200 200 pWmW W
uw nW 20 2mW W kW

| I— LOW POWER ——J_J
LOW POWER W/ATTN
HIGH POWER
ZERO
CAL ADJ

POWER CAL @
= ON({1)
L oFF (0

/ | \ \
Power On/Off Display Calibration Calibration Factor Zero offset adjust

Factor Mantissa Mantissa Adjust

Figure 2— Model 1815-C Front Panel and Controls

SETUP DIP Switch Bank Setting Instructions
A

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

Cal. Factor Exp. -1 0 |+1 {+2 |+3

Low-Power 0] 1

Low-Power w/Atin 0 1

High-Power 0 1
Y

1 0 X 0| LowPower (Semiconductor)
0 1 X 0| High-Power (Thermopile)

Not Accelerated
0 1 X 1| High-Power (Thermopile) ANALGG
Accelerated ACCEL OUTPUT
Adj. Reqd. See Manual
ADJ
1
Clakala
0
I /
Input BNC Connector DIP Switch Acceleration Time Output BNC Connector
Constant Adjust

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, if a
measurement withaLow-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.




m Getting Started
Using the System
N
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(Position 3) W mWuw 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)
‘ l—— LOW POWER —l l
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. ltis
used to zero the display to remove the effects of low level ambient signals
before making a measurement. 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 followingtableidentifies 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-
R tor) detector (1,0) or High-Power

(thermopile) detector (0,1).

Setsthe calibration factor exponent.
0 SeeSection2.4.4

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 properlyinstall
the calibration factor describing the detector at the measurement wavelength
inuse. Inorderto assure that accurately calibrated measurements are
obtained, please carefully read and follow the instructions regarding Detector
Calibration Factorandits entry. See Sections2.4.4,2.4.4.1and 2.4.4.2.
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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-Cuses six 1.5V AA
batteries. Toreplace thesebatteries use the following procedure:

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

2. Unfastenthevelcrostraps, and remove the batteries.

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

4. Securethevelcroacrossbatteries.

5. Closeandresecurethe casewiththetwoscrews.

2.4.2 Power Up

Turn on the Model 1815-C by depressing the POWER switchlocated on the
front of the meter. The digital display should light indicating that the meteris
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 bankto reflect the type of Newport detector thatthe
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 on the rear panel of the Model 1815-C, see Figure 3.

Table 4 — SETUP DIP Switch Settings

SETUP

DetectorType 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 Xt 0
High-Power (Thermopile)
Accelerated V/W 0 1 Xt 1

t SeeSection 2.4.4.2 to determine the proper setting for switch position 3.
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2.4.4 Setting the Detector Calibration Factor

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

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

Example2: ResponsivityR=0.346 mV/W thusthe 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 2above.

2.4.4.1 Setting the Calibration Factor Mantissa

The mantissaof the calibration factoris the d.dd of the full calibration factor
value d.ddE+d. The mantissais the most frequent calibration adjustment
made when making measurements at various wavelengths. To setthe man-
tissa, usethe following procedure:

1. Pressthefront panel CALbuttonintoits depressed position.

2. Adjustthefront panel CAL ADJ until the display matches the calibration
factormantissa.

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

3. Releasethe CALbutton from its 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 thetd 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. Howeverit
is stillwise to checkthat the exponent does not need resetting when making
measurements at multiple wavelengths. To set the exponent (SETUP switch
position 3, seeSection 2.2.3), use the following lookup table:




Table 5 — Calibration Factor Exponent; SETUP DIP Position 3
Calibration FactorExponent -2 -1 +0 +1 +2 +3 +4

Low-Power ot 0 1 1# NA NA NA
Low-Power with Attenuator NA NA NA o 0 1 1%
High-Power NA NA NA O 0 1 1f

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

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

2.4.5 Detector Acceleration Time Constant
NOTE

Accelerator circuit willincrease the noise floorlevel.

The Model 1815-C uses an acceleration circuit to electronically shorten the
risetime of Newport’s High-Power diskthermopile detectors. Thisisdone
when SETUP switch position 4is set to “1”. Aback panel potentiometer,
ACCELADJ, is used to adjust the time constant of the acceleration circuit to
match thetime 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. Thisis
especially useful if you are monitoring the processed analog output on an
oscilloscope or other time based or data logging instrument. This adjustment
isrequired if you are using a High-Power detector that does not have a 1 sec.
time constant. When the ACCEL ADJ setting does not match the actual time
constant of the attached detector, you will see some overshoot or undershoot
onthe processed analog output signal. To fine tune the ACCEL ADJ potenti-
ometer use the following procedure:

1. Setthe SETUP DIP switch positions 1,2,3and4t0“0,1,X,1”. Con-
nect your High-Power detector and monitor the analog output on an
oscilloscope.

2. Introduceastep function of optical power to the High-Power detector.
Youshould observe asignal trace similar to Figure5.

3. Adjustthe ACCEL ADJ potentiometer until the overshoot or undershoot
of the analog output signal is eliminated.
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Figure 5— Detector Time Constant Acceleration Adjustment

Note

Ifyou are operating the Model 1815-C with a High-Power detectorand
with the signal acceleration turned off, then no adjustment to the
ACCELADJ isrequired.

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
displayvalue. Thus, ifthe digital display indicates 1.560, then the analog
output voltage will be 1.560 volts.




N Display Converter

Section 3
Principles of Operation

Introduction The Model 1815-Cis 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.
Theactual flow through the diagram depends upon the SETUP switch settings.

Signal
Accelerator

Input || Configurable | ZERO L[| Calibration ‘l_o
BNC Ampiifier Adjust Adjust

Output || Qutput -
BNC Amplifier

Digital A/D

Figure 6 — Simplified Model 1815-C Functional Block Diagram

Functional The Model 1815-C Optical Power Meter is a configurable current or voltage
Description measuringinstrument optimized for use with semiconductor photodiodes
(currentmeasurement) 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 oras a
1MQinputimpedance voltage amplifier. The amplified signalis then further
processed viaaZERO offset adjust, a Calibration Factor compensation (adjust-
able signal attenuator) stage, and if appropriate asignal accelerator circuit.
Theresulting signalis then sent to the A-D converter and displayed.

Measurement This section describes detector and attenuator characteristics, optical and

Considerations electrical considerations, and environmental influences on optical measure-
ments. Ingeneral, 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.

10
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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 adetailed description of the calibration results is supplied with
eachindividually calibrated detector.

In general, detector calibration accuracyranges from 2% to 5% in absolute
terms and varies with wavelength. Each detector willhave some variation in
theresponse overdifferent 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, especiallyin the ultravio-
let, recalibrationis necessaryto assure confidenceintheaccuracyofthe
measurement. Forthe 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

Semiconductorbased photodiode detector characteristics (Newport Corporation
Low-Power detectors) are significantly affected by temperature. Atlonger
wavelengths, these quantum detectorstypicallylosesensitivitywith increasing
temperature. However the detector dark currentincreases exponentially with
temperature. Forsilicondetectors, dark currentis generally onthe order ofafew
picoamps atroom temperatures. With uncooled germanium detectors, however,
this dark current is on the order of ananoamp, or typically 1,000to 10,000 times
greater thansilicon. Thesedark currents canbezeroed at any moment in time via
theModel 1815-C’s ZERO knob. Since dark currents drift with temperature, the
ZERO should beadjustedjust priortotaking any measurements. Thenoiseor
driftinthe dark current sets alower bound on the measurement resolution which
canbeachieved with any given detector.

If the detector temperatureis constant, sensitivity changes and dark current
drifts are significantly reduced. In addition, if the detectoris cooled, thedark
current and dark current noise will decrease. Forthemost accurate measure-
ments, particularly with germanium detectors, the user should cool the
detectorto approximately 0 °C and control the temperature towithin+1°C.

3.3.3 Thermopile Detector Temperature Effects

Disk themopile based detector characteristics (Newport Corporation High-
Power detectors) are significantly affected by temperature fluctuations arising
from air flow disturbances. Asthe detector elementisaheat 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
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Performing Basic
Measurements

3.3.4 Ambient and Stray Light

Ambient and stray light striking the detector will be 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. Usingthe human
handto cover the detectoris notadvised because it both emits a significant
amount ofinfrared radiation, and because it radiates a temperature signifi-
cantly different from ambient. With the detector covered, areading of the
dark current may be made. Next, remove the material which is covering the
detector and take another reading. The difference is the ambient light level.

The effects of ambient light are greatly reduce when using a fiber-
connectorized signal input to the detector. Iffree-space beam measurements
aredesired, using an attenuator (Low-Power detectors have an OD3 attenua-
torincluded) willreduce stray light and often improve the source signal to
ambient signal noise level. Wavelength-specific filters, such as optical cutoff,
bandpass, or spike filters can also be used if the signal wavelength spectrum
permits. Other techniques toreduce straylightinclude 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-Care coveredinthe
following sections. Alsoincluded are methods of background correctionand
common measurement errors. In general the absolute measurement accuracy
islimited by theaccuracy of the detector calibration and environmental
factors affectingthe 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 abasic optical
power measurement while properly removing influence of ambient light and
other drift effects.

1. Setupthemeter calibrationfactortoreflectthe detectorat wavelength
oflight you will be making your power measurement at. See Sections
24.4.1and2.4.4.2.

2. Coverorotherwiseblockthe sourcethat youwill bemeasuring and
adjust the Range knob until the ambient signal is displayed to three
significant figures.

3. Usethe ZERO knob to remove the ambient signal by zeroing the display.

4. Uncoverthe source and adjust the Range knob untilthe source poweris
displayedto threessignificant figures of accuracy.

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

12
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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 Exrors

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

Table 6 — Common Measurement Errors

Type of Exror Type of Detector Whatshould be done?

Radiometry Any Checkthat all of the light
isactually hittingthe
detector.

Ambient Light Any Checkthat anyambient
light was ZEROed before
the measurementwas
made.

Wavelength Calibration Any Checkthatthe Calibration
Factor forthe measure-
ment wavelengthis
properlyset.

LowBatteryPower Any Checkthat meteris not
indicatinglow BAT.

Detector Saturation Low-Power Checkthat the optical
power densityremains
belowthe detector’s
saturation threshold.

Meter SETUP Configuration Any Checkthatthe SETUPDIP
switch bankis properly
set up for the detector
beingused.

System Accuracy The system measurement accuracy of the Model 1815-C Optical Power Meter
: is primarily governed by the calibration accuracy ofthe attached detector.
The electronic 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 accuracyuncertainties.

13




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
first received to ensure that no damage or change in calibration has occurred
duringshipment. The verification procedure should also be performed
wheneverinstrument accuracy is suspect. If the performance under these

circumstances is outside specified limits, contact Newport Corporation about
re-calibration.

Note

If the instrument does not meet specifications and it is still under
warranty (lessthan 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-Cbetween 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-C is listed in Table
7. Alternative equipment may be used so long as the equipment accuracy is at
leastas good as the specifications listed in Table 7.

Table 7 — Recommended Calibration Equipment

Description Specification Manufacturer Model
CurrentSource 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 1puVResolution Keithley 192
Required Accuracy
+0.4%

14
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4.2.3 Initial Conditions

Before performingthe verification procedures, make sure the Model 1815-C
meetsthefollowing environmental criteria:
a. Iftheinstrumenthas beensubjectto temperatures either below 18°C
(65°F) orabove 28°C (82°F), allow sufficient time for the instrument to

reach temperatures within this range. It generallytakes one hourto
stabilize aModel 1815-C thatis >10°C (18°F) outside of this range.

b. Turn on the Model 1815-Cand allow it to warm up for 10 minutes.

4.2.4 Verification Procedures

To properly check the accuracy of the Model 1815-C, a precision current
source and precision function generator are necessary. The precise currents
required are obtained by using aprecisely setable current sourcesuchas the
Keithley Instruments Model 220 and a precisely setable Voltage Sourcesuchas
the Hewlett-Packard 8904A, Function Generator.

(Position 3) W mW pW 2 20 yWmW W (Position 4)
200 pWmW W (Position 5)

(Position 2) uW nW 200
(Position 1) uW nW 20 2mW W KW  (Position 6)

Figure 7 — Model 181 5-CRange Switch Positions

a. Verifyingcurrent measurement performance:

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

2. SettheRange switch to position 1, the highest gain position. See
Figure7.

3. Pressthe CALbuttonand adjust CAL ADJ untilthe displayindicates
1.00 and then release the CAL button.

4. Withanopeninput, usethe ZERO knob to adjust the display to 00.00
+0.05.

5. ConnecttheModel 181 5-Ctoa current source.

6. UsingTable8asaguide,set the appropriate output currents listed
andrecord theresultingModel 1 815-C display readings.

LR
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Table 8 — Model 1815-C Current Calibration Check

Range Current Desired Actual  Allowable Expected
Position  Supplied  Reading Reading +Error +Exror

1
2
3
4
5
6

18.00nA  18.00nA 0.31nA 0.08nA
180.0nA  180.0nA 3.1nA 0.8nA
1.800pA  1.800uA 0.031pA  0.008pA
18.00pA  18.00pA 0.31pA 0.08pA
180.0u4A  180.0pA 3.1pA 0.8pA

1.800mA  1.800mA 0.031 mA 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.

’

- SettheRange switch to position 3, the highest gain positionin the

voltage mode. SeeFigure 7.

Pressthe CAL button and adjust CAL ADJ until the displayindicates
1.00 and then release the CAL button.

With ashorted input, use the ZERO knob to adjust thedisplayto
00.00+0.05.

5. Connectthe Model 1815-Cto avoltage source.

6. Using Table 9as aguide, setthe appropriate output voltages listed
andrecord theresulting Model 1815-C displayreadings. Adjustthe
Range switch as required.

Table 9 — Model 1815-C Voltage Calibration Check
Range Voltage Desired Actual Allowable  Expected
Position  Supplied Reading  Reading +Error tError

3 1.800 mV 1.800mV 0.034mV 0.008 mV

4 18.00mV 18.00mV 0.3dmV 0.08mV

5 180.0mV 180.0mV 3.4mV 0.8mV

6 1.800V 1.800V 0.034V 0.008V

16
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I~ Troubleshooting
Guide

The following troubleshooting guide is intended to isolate and solve problems
with the power meter so that, to the greatest extent possible, the return of the
power meter/detector system to Newport willbeunnecessary. Forthe
problems that cannot be resolved with information in this manual, or for other
situations that are not coveredin 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 indicatorlit. Batteries voltageis low. Replace batter-

Display value does not change.

Displayindicates+1

Readingis different than expected.

17

iesper Section2.4.1.

CALbutton depressed. Release CAL
button.

Signal overflow. Adjust Range knob
clockwise.

See Table 6 Common Measurement
Errors.Section 3.4.2.




m Introduction

m Obtaining Service

N

Section 5
Factory Service

This section contains information regarding obtaining factoryservice for

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

TheModel 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 be returned to Newport Corporation for recalibration.

Toobtaininformation concerningfactoryservice, contact Newport Corporation
oryour Newportrepresentative. Please have the following information available:

1. Instrument modelnumber (On front panel)
2. Instrument serialnumber (Onrear panel)
3. Description ofthe problem.

Iftheinstrumentis to be returned to Newport Corporation, youwill be givena
Return Authorization Number, which you should reference in your shipping
documents.

Pleasefill out the service form, located on page 19, and have the information
ready when contacting Newport Corporation. Returnthe completed service
form with theinstrument.
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E Service Form

Name

Company

Address

Country

P.O. Number

Item(s) Being Returned:
Model # Serial #

Newport Corporation
U.S.A. Office: 714/863-3144
FAX: 714/253-1800

RETURN AUTHORIZATION #

(Please obtain prior to return of item)

Date

Phone Number

FAX Number

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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Section 1
General Information

This guide contains information necessary for using Model 818 Series
photodetectors. A separate data sheet is provided with each detector.
Some detectors are also provided with individual calibration data. Please
read through the guide before attempting to make optical power
measurements.

CAUTION

Applied voltage exceeding the detector specification, forward
bias, or optical power exceeding the damage threshold can damage
the detector.

Inspection check to be sure that all items are present and are received in good
condition.

Calibration Services Newport’s calibration services calibrate (or recalibrate) photodetectors.
These services provide the calibration data in a written calibration record
and in a programmable read only memory (PROM) when appropriate for
use with a Newport Power Meter.

m Unpacking and The items included with every order are given on the data sheet. Please

Use with a Newport The photodetector consists of a photodiode attached to a cable terminated
1.3 Power Meter with a standard BNC connector and packaged within a protective housing.
' Some housings provide a place for attaching accessories such as
attenuators.

W W W W W W WV WV W W W v V W W W - - 7
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The BNC termination can be directly connected to a Newport Power Meter.

Cleanliness Care should be taken not to touch the photodiode window with bare
fingers. Contaminants may cause inaccurate measurements, particularly at
ultraviolet wavelengths where absorption is common. Lightly clean the
detector window with reagent grade alcohol and a soft cotton cloth.

Potentially large measurement errors can be generated through scratches,
digs and coating damage on detector optical surfaces. The magnitude of an
error typically varies directly with the ratio of the intercepted area of the
“scratch” relative to the area of the optical beam.

NOTE

Kleenex and chem-wipes contain wood and fiber glass (respectively)
and will scratch optical surface.

Temperature and The photodiode sensitivity increases with temperature for wavelengths
1.5 Humidity longer than the peak response wavelength. Typical temperature
coefficients are shown in the data sheet Graph 4. Best results will be
obtained by keeping the detector near the calibration temperature of 25°C.
The temperature range 0 - +50°C should not be exceeded and the detector
should not be exposed to humidity levels greater than 70% or possible
damage to the photodiode could occur.

NOTE

See detector data sheet for detector specific graphs and figures
which are not included in the guide.
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m Spectral Response

Calibration Accuracy
and Service

m Uniformity
m Saturation

Section 2
Calibration Accuracy and Limitations

The response of the detector depends on the wavelength of the incident
light. The photodiode is transparent for photon energies less than the band
gap which determines the long wavelength infrared sensitivity limit. The
short wavelength limit is determined by the photodiode manufacturing
process and possibly, in the case of silicon photodiodes, by strong window
absorption. The photodiode response is commonly measured in amps of
photocurrent per watt of incident optical power. Typical response curves
for the photodetector is shown on the data sheet. The transmission of the
attenuator (if provided) may vary considerably across the detector’s range.

Statement of Calibration

The accuracy and calibration of this photodetector are traceable to
the NIST or NPL through equipment which is calibrated at planned
intervals by comparison to certified standards maintained at
Newport Corporation.

Newport Corporation calibrates its detectors using secondary standards
directly traceable to the United States National Institute of Standards and
Technology or National Physical Laboratory. At wavelengths where
appropriate standards are not available, Newport calibrates its detectors by
comparison to detectors calibrated with thermal detectors. The absolute
accuracy of the photodetector calibration is indicated in the calibration
certificate.

Individual detector response can change with time at different wavelengths,
especially in the ultraviolet, and should be returned for recalibration at 1
year intervals to assure confidence in the accuracy of the measurement.

For recalibration services, see the Accessories and Services information.

Fabrication processes may cause the response of the detector to vary
slightly over the detector surface. Calibration involves illumination of
approximately 70% of the detector central active diameter. Optical signals
being measured should illuminate the same area. Care should be taken not
to overfill the detector if accuracy is to be maintained.

A typical photodiode output current vs. illuminance curve for the unbiased
photodetector is shown on the datasheet graph 3. For low optical power,
the photocurrent is proportional to the optical signal incident on the
photodiode and the photocurrent linearly increases with optical power. For
high optical powers saturation of the detector begins to occur and the
response signal is no longer linearly proportional to the incident power.
Optical power measurements must be made in the linear region to be valid.

NOTE

The saturation is “soft”, i.e. the detector output does not suddenly
stop increasing, but the rate of increase slows. For Gaussian and
other signals with spatially varying intensities, local saturation
may occur. The onset of saturation is not always obvious andisa
common source of inaccurate measurements.
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To determine if the detector is saturating, follow the steps below:

1. Measure the photodetector current (or power), and record this
value (A).

2. Place a filter or attenuator of known transmission (T) in the beam
path. Record the current again (B). A filter transmission of 0.001 is a
convenient choice.

3. The power with the filter in place should be the product of the power
measured without the filter and the transmission of the filter,
ie.B=AxT.

The transmission (T) of the filter can be determined by following the steps
below:

1. Reduce the optical power to a level low enough to avoid saturation,
but high enough that, when it is reduced by the filter it can still be
accurately measured.

2. Follow steps 1 and 2 in the procedure above.

3. Calculate the ratio T = B/A to determine the transmission of the filter
at the wavelength of light used for the measurement.

The calibrated filter (or attenuator) can be used with the detector to
measure the power of higher power beams.

Saturation with Saturation effects when using pulsed lasers are a complex phenomenon, and
Pulsed Power depends upon the wavelength, peak power, pulse shape, average power,
Measurements repetition rate, and on the detection circuit. However, the test for

saturation described immediately above should be used whenever pulsed
power measurements are being made. Alternatively, when the detector is
used for observing pulse shape, placing an attenuator in the beam should
affect only the pulse amplitude, not the pulse shape.

light. The amount of reflected light depends upon the angle of incidence
and the polarization of the beam. Reflected light does not get absorbed by
the detector, and therefore is not included in the detector signal. The
Newport detector and attenuator calibration include the loss due to
reflection for incoherent light incident normal to the detector. For accurate
power measurements the detector should therefore be used at near normal

m Reflections The photodetector surface, window material and the attenuator all reflect

incidence.
Photodiode When a photon is absorbed in the photodiode, an electron-hole pair is
. Operation formed within the device and a voltage is developed across the diode

junction. If the photodiode terminals are connected a photocurrent
proportional to the light intensity will be generated. Measuring this
photocurrent provides a measurement of the optical power incident upon
the detector.

Figures 3(a) and 3(b) show common methods of measuring the
photocurrent generated by the photodiode. In circuit (a) a bias voltage is
used to drive the current through a load resistor and the voltage drop is
measured. This is called the photoconductive mode of operation. The bias
voltage enhances the speed of response and the linearity of the

™ photocurrent generation but introduces additional noise and dark current.

Circuit (b) shows the use of a Op-amp to enable unbiased photocurrent
measurement. Operation with zero bias is called the photovoltaic mode
because the photodiode is actually generating the bias voltage. This is the
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method used in Newport Power Meters. The feedback resistance in circuit
(b) is selectable.
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(a) Reverse Bias Circuit -
Photoconductive Mode — improved (b) Op-Amp Circuit
time response and linearity Photovoltaic Mode — reduced noise

Figure 3 — Photodiode Operational Circuits

Measurements of very low power optical sources are possible with the
photodetector. To use the detector properly and achieve accurate results
requires the understanding of a number of effects that limit the device
performance, which are discussed in paragraphs 2.9 and 2.10.

The lower limits of optical detection are determined by the noise
characteristics of the detector and/or amplifier. Theory predicts that the
photodiode noise is largely thermal (Johnson) noise associated with the
effective resistance of the photodiode and shot noise from dark current.

The dark current at 10 mV bias voltage is measured and used to define the
effective resistance of the diode, the shunt resistance given in the data
sheet:

Rshunt = Vbias (10 m\/) / Idark'

Ideally an input amplifier connected as in Figure 3 (b) would have no offset
voltage and there would be no dark current. In practice though, a small bias
usually exists, and even at zero applied bias a small dark current is present.
The maximum dark currents when used with Newport power meters are
given in the specifications. The drift in this dark current is generally much
smaller than the dark current so effective cancellation is often possible.

For non-DC measurements the light detection limit is more generally
expressed as the intensity of light required to produce a current equal to
the noise current. This is called the noise equivalent power (NEP) and has
units of optical power divided by the square root of the detector bandwidth:

W NHz.

The NEP varies inversely with the spectral response of the photodiode and
depends on the wavelength, A, the noise frequency, f, and bandwidth, Af..
NEP is therefore defined as NEP( A, f, Af ).

Lock-In amplifier techniques can be used to approach the NEP.

Drifts in temperature and ambient lighting can cause significant variations
in diode response and amplifier performance for low power measurements,
particularly for wavelengths longer than the bandgap (shown on Graph 1.

It is therefore important to provide as constant environmental conditions as
practical, including consideration of air conditioning and roomlighting
effects.

In addition the noise and dark current generally increase exponentially with
detector temperature so it is best to keep the temperature close to 25°C.

5
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Using the Detector
for Non-CW
measurements

Some 818 Series photodetectors (e.g. Models 818-SL.and 818-IR) have threads
fortheattachment of accessories. Withthese models, the effects of ambient
lighting can be minimized by using the Model 818-FA Fiber Adapter Holder with
the appropriate FP3-CAseries fiber adapter when measurements of powerin
fiber optics are being made. Iffree space beam measurements are desired,
using an attenuator willreduce stray light and often improve the ratio of signal
tobackground. Wavelength specific filters, such as optical cutoff, bandpass, or
spikefilters can also be used if the signal wavelength spectrum permits. Other
techniquestoreducestraylightinclude using apertures to admit only the laser
beam, placing the detector in abox to shield the surface and turning off the
room and other lights.

When the photodetector is used with aNewport Power Meter it is operated
essentially without bias voltage, as depicted in Figure 3 (b). The effective time
constant ofthe detector-amplifier combination may be much slower than the
characteristic time of the signal. Nonetheless, if the detector-amplifier
combination does not become saturated, effective integration of the signal will
occur, and accurate energy measurements of very short pulses can be made.

Itis also possible to use the photodiode for the display of the temporal
behavior of an optical signal with an oscilloscope. The detector canbe
connected directly tothe scopeinput orasimplereverse bias circuit can be
used. Reverse biasing willimprove the time response and increases dark
current, therange of wavelength response and the range of linearity of the
detector. The correctbiasing circuitis depicted schematicallyin Figure 3 (a)
andis shown pictoriallyin Figure 4. By varying the load resistance, R,
adjustment can be made for different optical powers. Alargeload enables the
measurement of low power signals but willincrease the probability of
saturation and slow thetimeresponse. Saturation is evident when the voltage
measured by the oscilloscopeis greater than the bias voltage and results in
“flat-topped” signals.

CAUTION

Forward biasing the detector can destroy the diode.

Reverse bias should not be used in conjunction with the Newport
Power Meters and in no circumstances should the bias voltage
exceed the breakdown voltage of the photodiode.

LIGHT | /\
RN | >
J\ @)
_>t PHOTODIODE OSCILLOSCOPE

BIAS BOX

Figure 4 — Schematic of the Reverse Bias Circuit
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Detector Calibration Report

Detector Model Number:

Deiector Serial Number:

Attenuator Serial Number:

Operator:

Calibration Traceable to NIST Number:

Calibration Date:

Calibration Temperature:

Complies with ANSI/NCSL Z540-1-1994

Table 1. Responsivity [A/W]:

818-SL
10551

10551

Chau P.
844/264788-01
24-APR-2001
24.8 +0.5°C

Newport

Facsimile:

Corporation
1791 Deere Avenue, Irvine, CA 92606
Telephone: 949-863-3144

949-253-1800

Q> RNewport

SN —‘9%
CALIBRATED BY

DATE

DUE
DD MMM

Please remove &-app]y
calibration sticker to the
instrument as reguired.

Detector Without Attenuator

Lambda 0 10 20 30 40 50 60 70 80 90
400 2.0101E-1 2.1595E-1 2.3096E-1 2.4407B-1 2.5597E-1 2.6658E-1 2.7664E-1 2.85R7E-1 2.9439E-1 3.0252E-1
500 3.1014E-1 3.1735E-1 3.2416E-1 3.3069E-1 3.3693E-1 3.4367E-1 3.4983E-1 3.5566E-1 3.6114E-1 3.6656E-1
600 3.7205E-1 3.7786E-1 3.8327E-1 3.8839E-1 3.9234E-1 3.9652E-1 4.0191E-1 4.0728E-1 4.1232E-1 4.1722E-1
700 4.2243E-1 4.2720E-1 4.3212E-1 4.3706E-1 4.4203E-1 4.4685E-1 4.5200E-1 4.5668E-1 4.6126E-1 4.6603E-1
800 4.7052E-1 4.7529E-1 4.7986E-1 4.8444E-1 4.8896E-1 4.9341E-1 4.9802E-1 5.0242E-1 5.0712E-1 5.1060E-1
900 5.1564E-1 5.2020E-1 5.2572E-1 5.2915E-1 5.3423E-1 5.3930E-1 5.4036E-1 5.4137E-1 5.4068E-1 | 5.3582E-1
1000 5.2473E-1 5.0660E-1 4.7735E-1 4.3772E-1 3.8532E-1 3.2657E-1 2.6264E-1 2.1210E-1 1.7379E-1 1.4111E-1
1100 1.1284E-1
Responsivity versus Wavelength
Detector Without Attenuator
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Detector Calibration Report

Newport Corporation
1791 Deere Avenue, Irvine, CA 92606
Telephone: 949-863-3144

Facsimile:

949-253-1800

Detector Model Number: 818-SL
Detector Serial Number: 10551
Attenuator Serial Number: 10551
Table 3. Calibration Factors: Detector Without Attenuator
Lambda 0 10 20 30 40 50 60 70 80 90
400 4.97SE+0 | A4.631E+0 | 4330E+0 | 4.097E+0 | 3.907E+0 | 3.751E+0 | 3.615B+0 | 3.498E+0 | 3.397E+0 | 3.306E+0
500 3.024E+0 | 3.151B+0 | 3.085E+0 | 3.024B+0 | 2968E+0 | 2.910E+0 | 2.859E+0 | 2.812E+0 | 2.769E+0 | 2.728E+0
600 2688540 | 2.647E+0 | 2.609E+0 | 2.575SE+0 | 2.549FE+0 | 2.522B+0 | 2.488E+0 | 2455E+0 | 2425E+0 | 2.397E+0
700 2367E+0 | 2341E+0 | 2.314E+0 | 2.2885+0 | 2.262B+0 | 2.238Es0 | 2.212B40 | 2.190E+0 | 2.168E+0 | 2.146E+0
800 2195640 | 2.104E+0 | 2.084E+0 | 2.064E+0 | 2.045E+0 | 2.027E+0 | 2.008E+0 | 1.990E+0 | 1.972E+0 | 1.958E+0
900 1939E+0 | 1.922E40 | L902E+0 | 1.890E+0 | 1.872E+0 | 1.854E+0 | 1.851E+0 | 1.847E+0 | 1.850E+0 | 1.866E+0
1000 1906E+0 | 1.974E+0 | 2.095E+0 | 2.28SE+0 | 2.595B+0 | 3.062B+0 | 3.808E+0 | 4.715E+0 | S5.754E+0 | 7.087E+0
1100 8.862E+0
Table 4. Calibration Factors: Detector With Attenuator
Lambda 0 10 20 30 40 50 60 70 80 90
400 7378E+3 | 6.637E+3 | 6.179E+3 | 5.534E+3 | S5.464E+3 | 4.968E+3 | 4.402E+3 | 4201E+3 | 441743 | 4546E+3
500 4505643 | 4.567E+3 | 4437E+3 | 4236B+3 | 4.030E+3 | 3.938E+3 | 3.967B+3 | 4.094E+3 | A4262E+3 | 4.352E43
600 4268543 | 4.112E43 | 3.953E+3 | 3.857E+3 | 3.831B+3 | 3.769E+3 | 3.556B+3 | 3.247E+3 | 2.841E+3 | 2458E43
700 2109543 | 2.052B+43 | 1.966E+3 | 1911E+3 | 1.875E+3 | 1853E+3 | 1.838E+3 | 1.831E+3 | 1.828E+3 | 1.828E43
800 1832E+3 | 1.836E+3 | 1842E+3 | 1.850B+3 | 1.860E+3 | 1.871E+3 | 1883B+3 | LB97E+3 | 1.923E+3 | 1943E43
900 1958E+3 | 1.972B+3 | 1.989E+3 | 2.009E+3 | 2027E+3 | 2.041E+3 | 2.068B+3 | 2.096E+3 | 2.126E+3 | 2.173E+3
1000 2042843 | 2343E43 | 2.502B+3 | 2.738B+3 | 3.07B+3 | 3.645E+43 | 4491E+3 | S5.504E43 | 6.638E+3 | 8.089E+3
1100 9.992E+3
Wavelength Range Accuracy Over the Range Accuracy Over the Range
WITHOUT the Attenuator WITH the Attenuator
400 - 1100 2% +2%
REV5.3a
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Detector Calibration Report

Newport Corporation
1791 Deere Avenue, Irvine, CA 92606
Telephone: 949-863-3144

Facsimile:

949-253-1800

Detector Model Number: 818-SL
Detector Serial Number: 10551
Attenuator Serial Number: 10551
Table 2. Responsivity [A/W]: Detector With Attenuator
Lambda 0 10 20 30 40 50 60 70 80 90
400 1.3555E-4 1.5067E-4 1.6184E-4 1.8069E-4 1.8303E-4 2.0129E-4 2.2719E-4 2.3305E-4 2.2642E-4 2.1999E-4
500 2.1762E-4 2.1897E-4 2.2537E-4 2.3607E-4 2.4811E-4 2.5397E-4 2.5208E-4 2.4427E-4 2.3465E-4 2.2978E-4
600 2.3431E-4 2.4319E-4 2.5295E-4 2.5924E-4 2.6099E-4 2.6535E-4 2.8124E-4 3.0796E-4 3.5198E-4 4.0690E-4
700 4.5475E-4 4.8731E-4 5.0876E-4 5.2333E-4 5.3339E-4 5.3968E-4 5.4413E4 5.4604E-4 5.4697E-4 5.4706E-4
800 5.4587E-4 5.4471E-4 5.4290E-4 5.4061E-4 5.3765E-4 5.3445E-4 5.3094E-4 5.2722E-4 5.2010E-4 5.1458E-4
900 5.1060E-4 5.0720E-4 5.0289E-4 4.9784E-4 4.9324E-4 4.8995E-4 4.8346E-4 4.7707E-4 4.7045E-4 4.6013E-4
1000 4.4600E-4 4.2685E-4 3.9967E-4 3.6525E-4 3.2184E-4 2.7434E-4 2.2266E-4 1.8169E-4 1.5064E-4 1.2363E-4
1100 1.0008E-4
Responsivity versus Wavelength
Detector With Attenuator
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