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‘ Photodiodes

By Photodiodes are semiconductor devices with PN or PIN structure typically
used as radiant power transducers

By The energy transferred by the electromagnetic radiation, absorbed in the
depletion or in the intrinsic region is responsible for the generation of
electron/hole pairs, eventually contributing o the formation of a current

By The voltage/current characteristic of a photodiode is therefore the same
as in a diode, with the addition of a photo-generated current term Lo

+
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I, =L (e%" —1)-T

where I, is the diode leakage current, V; is the voltage across the
device and V+ is the thermal voltage. Note that, in reverse bias
operating conditions (V<0), the first term in the expression reduces to
I,, while for V=0, Ip=-L,.
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‘ Photodiodes

By The photo-generated current I, is proportional fo the incident radiant
power, i.e., To the flux of photons hitting the device:

I,=S-P =EP, i=# fotoni al sec.
hv hv

‘ where S is the spectral (or radiometric) sensitivity, n is the quantum
efficiency, e is the elementary charge (1.602 10-1° C), P is the power of the
incident electromagnetic wave, h is the Plank's constant (6.625 10-34 J-s) and
v is the electromagnetic wave frequency

By Other characteristic parameters of a photodiode are the linearity, the dark
current, the junction capacitance, the breakdown voltage and the response
Time
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Main uses of thermistors

Application field

Use or device

Cameras Light intensity measurement, automatic control of the shutter, auto-
focus, flash unit control
Medical TAC scanner, X-ray detection, biological analysis (e.g., blood),

instrumentation

oximetry

Safety devices

Smoke and flame detectors, X-ray systems for airplane inspection,
intrusion detectors

Automotive

Headlight dimmer, sun light detector (for air conditioning)

Communications

Opto-electronic converters, remote optical control

Industry

Bar code readers, encoders, position detectors, tfoner density
measurement in printers
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‘ Purpose of the experiment

By Implement a system for data acquisition from a radiant power
transducer, in particular from a photodiode. The system should
include

% a conditioning circuit for the signal coming from the photodiode

%, avirtual instrument implemented in the LabView programming environment
serving as an interface between the acquisition system and the user

By The virtual instrument should take care of acquiring the room radiant
power and representing the time evolution of the measured voltage and the
instantaneous value of the radiant power
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Operating modes for the photodiode

..
‘ Photovoltaic mode: the photodiode is - & VC’I“T

operated with no bias voltage applied and «

can supply electrical power (in the passive Hi 7 IV

sign convention, VyIx<0, con Ix<0 e V>0); H2 -

in particular, for I5=0, the photodiode H3 S

behaves like a voltage source M T increasme | lewall &

{ LIGHT LEVE| Vi LIk
Hi=0ig
I Hg>Hz>Ha>Hy
VD — V_I_| n(ﬂ + 1) Current/loltage Characteristics - Photovoltaic Mode
0 Rr

‘ Photoconductive mode: the photodiode is 2 Vi
operated in reverse or zero volt bias Z7AN Op-Amp O
conditions, V<0, and behaves like a current
source; in particular, if the potential Re
difference across the device is close to zero S A a—

p
- Vour
= — Op-Am
ID Iph 4 / p-Amp O
Vour = RelL
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Conditioning circuit
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o VCCt=+4+15V
e VCC=-15V

e PD: VTB8440B
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‘ Conditioning circuit

By The proposed scheme, in principle, makes it possible to cancel the dark
current contribution (current flowing through the diode when Vy=0)

Ve =2R, =z.s\.R.P -

voltage at the amplifier incident light power

output spectral sensitivity

By Another advantage of the proposed conditioning circuit lies in the
reduction of the effects of the input bias currents on the output of the
operational amplifier

=-I"R+I"R =-RAI

I

V

out

where AI=I"-I- is the offset of the input bias currents of the
operational amplifier
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TLO81 JFET input OpAmp

TLO81 Wide Bandwidth JFET

Input Operational Amplifier

General Description

The TLOB1 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offsel voltage
(BI-FET II™ technology). The device redquires a low supply
current and yet mainlains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low inpul bias and offsst
currents, The TLOB1 is pin compatble with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The TLOB1 may be used in applications such as high speed
integrators, fast D/ A converters, sample-and-hold circuits
and many other circuits requirirg low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth, The devices has low noise and offset
voltage drift, but for applications where these requirements

December 1995
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are critical, the LF35E is recommended. If maximum supply
current is important howeyer, the TLOBIC is the betier
choice,

Features
| internally trimmed offset vollage 15 mv
B Low input bias current 50 oA
m Low input noise vollage 25 nV/vHz
B Low input noise current 0.01 pA/JHz
B Wide gain bandwidth 4 MHz
B High slew rate 13 V/us
B [ow supply current 1.8 mA
m High input impedance 1071210}
B Low tolal harmonic distortion Ay = 10, < (.02%
R = 10k, Vo = 20 Vp-p.
BW = 20 Hz—20 kHz
B Low 1/f noise corner 50 Hz
B Fast seftling time o 0.01 % 2 ps
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TLO81 JFET input OpAmp

Typical Connection

ILiH 83h8 =1

Connection Diagram

Simplified Schematic
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VTB8440B photodiode

PACKAGE DIMENSIONS inch (mm)

A2 070 (1.78) 310 (7.87)
(3.60) * 060 (1.52) MINIMUM
CATHODE
Il‘“_‘,.-----'—"---. 17—
(O |
187 315 (8.00) L1897
e MWOM.
(5.00) "M 305 (7.75) (5.00)
& T
236 (6.00) 010 018
e lE (0.25) MAX, —wbe— o DIA. NOM.

FILTER PROJECTION

CASE 21F 8 mm CERAMIC
CHIP ACTIVE AREA: .008 in” (5.16 mm?)
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VTB8440B photodiode

ELECTRO-OPTICAL CHARACTERISTICS @ 25°C (See also VTB curves, pages 21-22)

VTB8440B \TB8441B
SYMBOL CHARACTERISTIC TEST CONDITIONS UNITS
Min. Typ. Maxx. Min. Typ. Max.
s Short Circuit Current H =100 fc, 2850 K 4 5 4 5 pA
TClse  |lgp Temperature Coefticient 2850 K .02 08 02 .08 %l*C
Voc Open Circuit Voltage H=100tc, 2850 K 420 420 mV
TCVpe  |Voc Temperature Coefficient 2850 K -2.0 2.0 mV/*C
I Dark Curent H=0,VR=2.0V 2000 100 pA
Rey Shunt Resistance H=0,V=10mV 07 1.4 GG
TCRsy  [Rsy Temperature Coefficient H=0V=10mV 8.0 8.0 %I°C
C; Junction Capacitance H=0,V=0 1.0 1.0 nF
Atange | Spectral Application Range 330 720 330 720 nm
Ay Spectral Response - Peak 580 580 nm
Ve Breakdown Voltage 2 40 2 40 v
B4 Anguiar Resp. - 50% Resp. Pt. +50 +50 Degrees
NEP Noise Equivalent Power 11x101 (Typ.) 2.4x 101 (Typ.) W~ ,Jm
D*  |Specific Detectivity 2.2 x 10 2 (Typ) 9.7 x 10 2 (Typ.) em./Hz/W
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‘ VTB84408B photodiode

~0.3 A/W
TYPICAL CHARACTERISTIC CURVES @ 25°C (UNLESS OTHERWISE NOTED)
Absolute Spectral Response Absolute Spectral Response "B/ Series (Filtered)
Hadiometric Sensitivity (A/W) Hadiometric Sensitivity [A/W]
08 T 0.6;
. G.E. = 075~ l /
D:d fﬁj.:’;f \ I::1.4:. /
S oL WiTH T f_;,.»-’“’f f//( | |
| LENSZJ%#”EE‘ = 0.50 \ 2 /I\
92 " \ D2 I
0.1 = GLASS WINDOW | 1/ | \
—£7.-"| OR EPOXY COATED \ 01 / |
goa 400 600 800 1000 1200 0 ! -
WavelgnEth, A 200 7 600 800 1000 1200
Wawvelength, nm
~H580 nm
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Waveform chart
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‘ DAQmx Create Channel.vi and DAQmx Read.vi

By DAQmx Create Channel.vi provides the acquisition board with
information about the type and range of the signals to be acquired and

about the input channel

By DAQmx Read.vi samples the signal from the specified channel and yield
the measured value

expected limits for the ——, ok

signal to be acquired ==
\ [igh fmit] =5
_ zanple
= R
. o e '
input channel (Dev2/al)
| Al Voltage | Analog DBL
phvsical channels 1Chan 15amp =

\ E
I

Measurement I/0 -> DAQmx Data Acquisition -> DAQmx Create Channel.vi

Measurement I/0 -> DAQmx Data Acquisition -> DAQmx Read.vi
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‘ While loop

By Needed for continuous acquisition of the signal coming from the
conditioning circuit (you can find it in the Structures menu from the
Functions palette ) - a "stop” button should be included in the virtual
instrument to stop the acquisition

loop condition
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‘ Waveform chart

By You can use a waveform chart for a graphical representation of the
acquired data ('Graph’ menu of the Controls palette, from the front panel
window) - the acquired sample can be directly fed to the waveform chart

YWavefarm Chart Plok 0 m
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=
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‘ For cycle

We can use a for cycle to reduce the effects of zero average disturbances,
therefore improving the measurement accuracy

number of cycles By Instead of representing (in the
graph or in the numeric

N indicator) each individual
acquired sample of the signal,
we can represent the average
value of N samples - the speed

iteration number at which the measurement
result is represented on the

graph will decrease by a factor
of N
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