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World to Signal
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The Operational Amplifier
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Non-Inverting Op-Amp
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Buffer/Follower Mode

R1 = infinity
R2=0
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What can the Microcontroller Measure?
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Basic Sensors: Light
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CdS Photocell Spec.’s
m B;ggg::r;tﬁd Light Sources

Opto-semiconductors: CdS Photoconductive Cells 1‘;..40-

These cells have a spectral response close to the hyuman eve.
i o cosetotteymguere. (5 |y
€ k Resistanc ise Time| Fall Tim
(Seliit?\%ty’\ z / - UT f 111:[‘1‘ ‘),5 &v\( CeM

Package ) . *
- Tyvoe No. Wavelength) 101x 0l to 63 % 100 to 37
O - ‘oo\ﬂn/ S (mm) / hp - Min.Max. | Mo\ Vi loglx ’ 1001}( M

am | k) | MO (ms) | (ms) 900 (Lsnt e
‘ 0 - ‘) %k,\. P1114-04 TO-18|| 570 15t045 | 10 |0.80 40 20

— ~~o é
P320 5200 [ 35to100| 20 (0.85| 60 20 \wa ¢U~$ pe h"k
A\
Metal 540 } 2910 8.5 0.1‘ 0.60\ 100 140
$5.5
560 / Tto23 | 05 |0.68 90
60
520 271081 | 10 | 0.85 20 p\
Dual element coating type. Listed data are for one element.

Measured with a tungsten lamp of 2856K.
*3 : Measured 10 seconds after removal of incident illuminateion of 10/x

: Gamma characteristics between 10Ix and 100Ix.
*4 Ruo, Ruoo Cell resistance values at 101x and 1001x.y {§ = G500
Gamma characteristics variations of 0.10.
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CdS Photocells: How do you use them?
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How else could you use a Photocell?
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Basic Sensors: Light
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Photo-transistors
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LTR-3208-E Data Sheet (1.2)

*EATURES

V\WIDE RANGE OF COLLECTOR CURRENTS.
yLENSED FOR HIGH SENSITIVITY.
, LOW COST PLASTIC PACKAGE.

)ESCRIPTION

‘he LTR-3208 series consist of a NPN silicon
hototransistor mounted in a lensed, clear plastic, end
yoking package. The lensing effect of the package
llows an acceptance half angle of 10° measured from
he optical axis to the half power point. This series is
sechanically and spectrally matched to the LTE-4208
eries of infrared emitting diodes.

‘he LTR-3208E is a special dark plastic package that
ut the visible light and suitable for the detectors of
1frared applications.

'ACKAGE DIMENSIONS

o b\x&

4 MIN.

(1.0) FLAT DENOTES COLLECTOR

1.0 MIN.
(:04)

OTES:

. All dimensions are in millimeters (inc | NOM. (SEE_NOTE +)

. Tolerance is +0.25mm (.010") unl
noted.

. Protruded resin under flange is 1.5mm (.05

. Lead spacing is measured where the leads eme

74
® EMITTER
ax. d;@?&) @ COLLECTOR
from the package.

. Specifications are subject td change without notice.
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B

ABSOLUTE MAXIMUM RATINGS AT TA=25°C \w’ LT R'3 208'E Data

PARAMETER TAAXIMUM RATING UNIT S h eet ( 2 . 2 )
Power Dissipation & @V y p— wd (m

Collector-Emitter Voltage 30 Vv

Emitter-Collector Voltage 5 \

—55°Cto +100°C

Operating Temperature Range &!"}%
Storage Temperature Range —55°Cto+100°C %

Lead Soldering Temperature o
(1.6mm (0.063in) From Body] 2B ton Bissavanss

ELECTRICAL CHARACTERISTICS AT Ta )
\,\(’x PART NO TEST
\'o- PARAMETER SYMBOL . MIN | TYP | MAX | UNI CONBIION

‘ “‘ Collector-Emitter Breakdown v i - lc=1 mA
OL‘( \ ! Voltage BR) CEO ¥ Ee=0 mW/cm?

Emitter-Collector Breakdown v - 5 v lE=100 pA
\oo Q \'\uMA Voltage (BR) ECO Ee=0 mW/cm?

Collector Emitter Saturation lc=0.5 mA

M Voltage ViCEIBAD a4 v Ee=0.5 mW/cm?
( Rise Time T 10 uS \cc:30V

TC=800 uA
Fall Time Tf 5 usS Ru=1kQ
llector Dark g | 00 al | veE=TOV
Collector Dark Curre CEO 1 n Ee=0 mW/cm?
o 3208 1 4 mA< V=5V 2
On State Collector Current I ¢ (ON) 1 Ee=1 mW/cm? [
3208E 2 mA J A =940 nm
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Phototransistors: How do you use
them? (1.2)
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Phototransistors: How do you use
them? (2.2)
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Basic Sensors: Magnetic Field (1.4)
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Basic Sensors: Magnetic Field (2.4)
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Basic Sensors: Magnetic Field (3.4)

N"K A Output Voltage
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Basic Sensors: Magnetic Field (4.4)
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Measuring Position
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Optical Sensors for Position (1.2)

l/eo é . @ REFLECTIVE OBJECT SENSORS

OPTOELECTRONICS
P\//D
W QRB1113/111:

The QRB1113/1114 consists of an infrared emitting diode
and an NPN silicon phototransistor mounted side by side
on a converging optical axis in a black plastic housing.
/'-062 R NOM The phototransistor responds to radiation from the

\ v 420 (10.67)~‘
emitting diode only when a reflective object passes withit

— 1
\ (K)
its field of view. The area of the optimum response

s{'(vr" 226 (5.74) > approximates a circle .200” in diameter.
4 g L
©

i
703 (17.86) =
V‘ l Efn?l;,g

—.328 (8.33)

150 (3.81) NOM
POINT OF
OPTIMUM

RESPONSE

0% plastic housing
gsarent plastic covers for dust protection.
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Optical Sensors for Position (2.2)

@
{)\,\)’ SLOTTED OPTICAL SWITCH

\_(P’ OPTOELECTRONICS
OPB860T11/0PB860T51/0PB860T55

 PACKAGE DIMENSIONS

SEE NOTE 3

| DESCRIPTION |

The OPBB860T series of switches is designed to allow the
@ \I = @ user maximum flexibility in applications. Each switch

consists of an infrared emitting diode facing an NPN
phototransistor across a .125" (3.18mm) gap. A unique
housing design provides a smooth external surface to

- L— 313 (7.94)

QETICAL o 125 317+ 485 (12.32) prevent dust build-up while molded internal apertures
N 110 (2.79) give precise positioning and also provide protection from

[ . P - ambient light interference.

.345 (8.76) !5 1425 (10.79)

.020 (0.51) 7 \\ L
100 (2.54) J,L 425 (10.80) MIN

/Q 1 \PIN 1
/ IDENTIFICATION
\“/ ‘l - 320 (8.13) . .
125(3.18)R m Fully enclosed design allows dust protection.
d‘/ 2 PLACES -122PSL(2(-:1§)SD|A 8 Lead spacing at .320".
5 4 ] | 050" and .010" aperture options.
[ o 5 = PCB mountable.
O (] o

T 3 2
\‘)7 125(3.18)| |—754 (19.05)—-]
\>/ 970 (24.64——
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Encoders for Position Sensing (1.2)
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Encoders for Position Sensing (2.2)
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ncoders: Where Do You Find Them?
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Basic Sensors: Temperature (1.2)
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RESISTANCE - TEMPERATURE CHARACTERISTICS
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Basic Sensors: Temperature (2.2)
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sensor Scientifie, inc.

PLATINUM THIN FILM RTD ELEMENTS

« AVAILABLE IN 100, 500, 1000, AND 2000 OHM

H t - ESISTANCE VAHUES— — ~———
L + STANDARD |EC 751, ASTME1137 & NON-STANDARD
: - 15mm—— I NCES AVAILABLE
T -~ WIDE CHOICE OF SIZES )
L I —ﬂ —.« 2,3, AND4 WRE EXTENSION LEADS AVAILABLE

+ CUSTOM-ENGINEERED TEMPERATURE PROBE
ASSEMBLIES

Sensor Scientific, Inc. Platinum Thin Film RTD Elements are fabricat ~ -

ed using state-of-the-art thin film processing techniques, resulting in

an element of exceptional quality and stability. The wide choice of

1r1es I'Sl'at'?rt;?e’ tolerance, and size options allows Tor complete design
exibility.

RTD elements are available with extension leads, and incorporated in
complete temperature probe assemblies. Please contact Sensor
Scientific for additional information.

Assemblies: . _

General I?/, thin film RTD elements are incorporated into some type of
assemblyfor protection. Extension leads maybe attached via solder -
ing, crimping, brazing or welding. The attachment method must be
capable of withstanding the intended

maxmum operating temperature.

The following precautions must be taken when incorporating the
elementinto an assembly:

1) Avoid straining the element leads.

2) Ifextension leads are attached via soldering or brazing, all flux
residue mustbe removed.

)
3) The resistance of extension leads mustbe taken into consideration.
)

Resistance value at 0°C calibrated Imm from end of lead wire.

4) If elements are encapsulatedina pottinP compound, insure that
the compound will not induce pressure loads, resulting in a strain-
gage effect.
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Platinum RTD Datasheet

Resistance W H
at 0 Deg. C. Height Part Number
ohms mm
100 50+4/-0.2 1.04/-0.2 1.3+4/-0.2 POllin 1
100 5.0+/-0.2 1.5+/-0.2 1.3+4/-0.2 POllln 2
100 2.34/-0.2 2.0+/-0.2 1.3+-0.2 POLlln 3
100 50+/-0.2 2.04/-0.2 1.3+-0.2 POLlllin 4
100 10.0 +-0.2 2.04/-0.2 1.3+/-0.2 POllln 5
100 50+4/-0.2 4.0+/-0.2 1.3+4/-0.2 POlllIn 6
100 1.6+-0.15 1.25+/-0.1 1.00+-0.2 polll M7
500 5.0+/-0.2 2.04/-0.2 1.3+-0.2 PO5In 1
500 10.0 +/-0.2 2.0+/-0.2 1.3+-0.2 PO5In 2
500 50+/-0.2 4.0+/-0.2 1.3+/-0.2 PO5In 3
1000 4.0+/-0.2 2.04/-0.2 1.3+4/-0.2 P10IIn 1
1000 10.0 +-0.2 2.04/-0.2 1.3+/-0.2 P10llIn 2
1000 50+4/-0.2 4.0+/-0.2 1.3+-0.2 P10IIn 3
1000 1.64/-0.15 1.25+-0.1 1.00+-0.2 P10II M4
2000 10.0 +-0.2 2.0+/-0.2 1.3+/-0.2 P20lln 4
e B
calibrated Imm from end of = at 0° = =-oU10 + €g
- i 02=1/5DIN Bat0°C 06=3/2 DIN B at 0°C =-0to + C
lead wire. DIN =IEC751 03 = 1/4 DIN B at 0°C 07=2DIN B at 0°C H=50 10 + 600 Deg
04=1/3 DIN B at 0°C 08=5DIN B at 0°C

0A=12DINB (DIN A)at 0°C 09=10DINBat0°C

M F C—F‘-

= N
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Basic Sensors: Light (1.2)

=
‘ }\‘VWQ.) @ 100 * -
W& o - \\
?,{,\—' S —\0 adec g & }
g “ \\
U\/\"L N QMM@J‘M‘” § . / \
i3y
siM—ﬂ—)J\D b\ 0
[\ m &‘rm 800 900 1000 1100
! e
e Wavelength |
o Fig’5 RELATIVE SPECTRAL SENSITIVITY 4

VS WAVELENGTH

CMPE 118 — Intro. to Mechatronics



Basic Sensors: Light (2.2)
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Photodiode Datasheet (1.2)

LITE[‘] l | Black Plastic Photodiode

LTR-516AD/LTR-526AD/LTR-536AD/LTR-546AD

Features Package Dimensions

- High photo sensitivity. Z k LTR-516AD
+ Suitable for infrared radiation.

+ Low junction capacitance.

* High cut-off frequency. ~¢m=—

+ Fast switching time. R

Description

The LTR-516AD/LTR-526AD/LTR-536AD/LTR-5464AD
are gpecial dark plastic package that cut the visilple 1(6;4;34‘
light and suitable Tor the detectors of infrared applick- '

tions.

RADIANT SENSITIVE AREA

(-02)

-

D.54NOM.
(-1)  SEE NOTE 4
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Photodiode Datasheet (2.2

Absolute Maximum Ratings at Ta=25C
Parameter Maximum Rating Unit
Power Dissipation 150 mwW
Reverse Break Down Voltage 30 \
—

Operating Temperature Range

-55° Cto + 100 C

Storage Temperature Range

-55°Cto+100TC

Lead Soldering Temperature
[1.6mm (.063 in.) from body]

260 C for 5 Seconds

Electrical Optical Characteristics at Ta=25 C

@

.V

Parameter Symbol Min. Typ. Max. Unit | Test Condition
p-) ]
IR=100 1 A
Reverse Break Down Voltage V(BR)R 30 \Y P
~— p Ee=0mW/cm
VR=10V
Reverse Dark Current ID(R) 30 nA Ee=0mW/cm?
I A =940nm
Open Circuit Voltage Voc 350 mV Ee=0.5mW/cm?
Rise Time Tr / 50 ) nsec VR=10V
A =940nm \
Fall Ti T \ / = .
all Time f \@/ | nsec Ri=1K d/'
—~ VR=5V ~
Light Current Is 1.7 2 w A A =940nm /
Ee=0.1mW/cm
R=3V
Total Capacitance Cr 25 pF VF=1MHZ
Ee=0mW/cm?
Wavelength of the Max Sensitivity A SMAX 950 nm
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The Photo-Darlington
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0.178 (4.52)
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MIN
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ABSOLUTE MAXIMUM RATINGS (T, = 25°C unless otherwise specified)

Parameter Symbol Rating Unit
Operating Temperature ToPr -40 to +100 °C
Storage Temperature TsTG -40 to +100 °C
Soldering Temperature (lron)2.3.4) TsoL 240 for 5 sec °C
Soldering Temperature (Flow)2.3) TsoLF 260 for 10 sec °C
Collector-Emitter Voltage VcE 30 v
Emitter-Collector Voltage Ve 5 \
Power Dissipation(1) Pp 100 mwW

ELECTRICAL / OPTICAL CHARACTERISTICS (Ta=25°C)

PARAMETER TEST CONDITIONS SYMBOL MIN TYP MAX UNITS

Peak Sensitivity Wavelength Aps — 880 —

R}Ppiinnrﬁmqle — e — +20 =
{Collector-Emitter Dark Current ) Vee=10V,Ee =0 lceo — — 100

Collector-Emiter Breakdown lc=1mA BVceo 30 — —

Emitter-Lallactor Breakdown le =100 pA BVeco oa— — —
(@n-State Collector Current!®) > Ee =0.125 mWicm?2 Ve =5V lciony G.U — —

Saturation Voltage(®) Ee=0.125 mWiem2, 1c=20mA | Vegea Jp— — 0

Rise Time Ve =5V, R =100 Q, I = 0.15 mA b — 20 —

Fall Time oo m et e t — 50 —

0\‘(1 -\ mbx
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Figure 1. Light Current vs. Radiant Intensity Figure 4. Light Current vs. Collector - Emitter Voltage
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Figure 2. Angular Response Curve
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