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OPTOELECTRONICS

Lab Work

1.   Principles of Optics

2.   Spectroscopy

3.   Semiconductor Laser

4.   Solar Cells and Photovoltaic Modules

OPTOELECTRONICS

Lab Work

1.   Principles of Optics
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1.   PRINCIPLES OF OPTICS

Unknown material

n = ???

Unknown laser source

λ = ???

Diffraction grating

a) Determination of wavelength using a diffraction grating:
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1.   PRINCIPLES OF OPTICS

diffraction

grating
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b) Determination of refractive index by measuring light refraction:

incident beam

prism 

(n = ???)

1.   PRINCIPLES OF OPTICS

b) Determination of refractive index by measuring light refraction:
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1.   PRINCIPLES OF OPTICS

incident beam
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c) Determination of polarization (Brewster) angle:

θB

θB

TE + TM TM

( )nB arctan=θ

θ2

90 °

1.   PRINCIPLES OF OPTICS

incident beam

reflected beam

polarizer

prism

n

OPTOELECTRONICS

Lab Work

2.   Spectroscopy
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2.   SPECTROSCOPY

Unknown light source

Jph(λ) = ??? [W/m2]

Unknown photodetector

SR(λ) = ??? [A/W]

QE(λ) = ??? [%]

Monochromator,

known photodetector

input slit output slit

diffraction

gratinglight 

source

light beam of the

selected wavelength

Diffraction grating: 1180 grooves per millimeter;   P = 847.46 nm

2.   SPECTROSCOPY
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P(λ) [W] I [A]

Spectral response: [ ] [ ]
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2.   SPECTROSCOPY

Light source with

unknown spectrum

Jph(λ)

Monochromator

with known

transfer function

T(λ)

Photodetector with 

known spectral response

and known area

SR(λ), A

Multimeter

Jph [W/m2]

Jph, MC [W/m2] = T · Jph

P [W] = A · Jph, MC = A · T · Jph

I [A] = SR · P = S · A · T · Jph

Jph = I / (SR · A · T)

2.   SPECTROSCOPY
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Multimeter

SR = I / (A · T · Jph)

Jph [W/m2]

Jph, MC [W/m2] = T · Jph I [A] = SR · P = S · A · T · Jph

P [W] = A · Jph, MC = A · T · Jph

2.   SPECTROSCOPY

Light source with

known spectrum

Jph(λ)

Monochromator

with known

transfer function

T(λ)

Photodetector with 

unknown spectral response

and known area

SR(λ), A

OPTOELECTRONICS

Lab Work

3.   Semiconductor Laser
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3.   SEMICONDUCTOR LASER

• Static I(U) characteristics of a semiconductor laser

• Static PL(I) characteristics of a semiconductor laser

• Transmission measurement using the DC and „Lock-in“ methods

3.   SEMICONDUCTOR LASER

• Measurement board – view from top

Cathode

of the laser

Power 

supply

Internal

photodiode

External

photodiode

Current

input

Common

ground



9

3.   SEMICONDUCTOR LASER

• Measurement board – view from bottom

Collimator

LASER

External

photodiode

Slit for

sample

3.   Static I(U) characteristics of a semiconductor laser

• Automatic current control – ACC

UCC

R

Uref

UR

+

U

–
I

voltage controlled

current source
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3.   Static I(U) characteristics of a semiconductor laser

• Connection of the DAQ interface and the measurement circuit

Data acquisition card

OUTPUTS

INPUTS

set current

connect to DC

power supply unit

(–)

(+)

C           A
measure

voltage

3.   Static I(U) characteristics of a semiconductor laser

• LabView program for I(U) measurement – „OPT_Lab_03a.vi“

File →

Print Window
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ΔPL

ΔI

I

PL
d ∆

∆
=η (differential efficiency)

maximal emitted optical power, Pmax

COD (catastrophic optical damage)

3. Static PL(I) characteristics of a semiconductor laser

Optical power,

PL

Ith (threshold current)

SPONTANEOUS EMISSION

(LED operation)

STIMULATED EMISSION

(laser operation)

Current, I

PL

I

T [°C] 25 40 70

I

PL1

PL2

PL3

Current, 

Optical power,

3. Static PL(I) characteristics of a semiconductor laser

• Temperature dependence of Ith

Ith

T
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• Automatic power control – APC

UCC

RUref

UR

3. Static PL(I) characteristics of a semiconductor laser

• Connection of the DAQ interface and the measurement circuit

Data acquisition card

OUTPUTS

INPUTS
set current

connect to DC

power supply unit

C           A PDint meas.

3. Static PL(I) characteristics of a semiconductor laser

PDext meas.
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• LabView program for PL(I) measurement – „OPT_Lab_03b.vi“

3. Static PL(I) characteristics of a semiconductor laser

File →

Print Window

Calculate:

- PL,max

- Ith

- ηdifferential

- ηelectrical

=  T · Iwithout sampleIwith sample

T

3. Transmission measurement using the DC method

Iwithout sample

Iwithout sample

Iwith sample
T  =
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• Connection of the DAQ interface and the measurement circuit

Data acquisition card

OUTPUTS

INPUTS
set current

connect to DC

power supply unit

C           A

PDext meas.

3. Transmission measurement using the DC method

T = ???

• Measurement conditions

3. Transmission measurement using the DC method

signal intensity (laser power)

optical „noise“ in the area
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• LabView program for T measurement – „OPT_Lab_03c.vi“

3. Transmission measurement using the DC method

(1.) save signal

without sample

(2.) save signal

with sample

RESULT

=  T · Iwithout sampleIwith sample

T

3. Transmission measurement using the DC method

Iwithout sample

Iwithout sample

Iwith sample
T  =

OPTICAL

NOISE !!!
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Mechanical or optical

chopper

reff

2u

3. Transmission measurement using the „Lock-in“ method

Only the signal at fref
can then be filtered out,

thus eliminating all noise!

• Connection of the DAQ interface and the measurement circuit

Data acquisition card

OUTPUTS

INPUTS
set current

connect to DC

power supply unit

C           A PDint meas.

PDext meas.

3. Transmission measurement using the „Lock-in“ method

Function generator
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• Measurement conditions

3. Transmission measurement using the „Lock-in“ method

• LabView program for T measurement – „OPT_Lab_03d.vi“

set power

set frequency

3. Transmission measurement using the „Lock-in“ method

(1.) save signal

without sample

(2.) save signal

with sample

RESULT
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OPTOELECTRONICS

Lab Work

4.   Solar Cells and Photovoltaic Modules

4.   SOLAR CELLS AND PHOTOVOLTAIC MODULES

• I(U) characteristics of a solar cell in dark

• I(U) characteristics of a solar cell under illumination

• Parallel and serial connection of solar cells



19

• Board with solar cells

4.   SOLAR CELLS AND PHOTOVOLTAIC MODULES

4.   I(U) characteristics of a solar cell in dark

V I

Voltage

Current

Dark characteristics:













−= ⋅

1TUn

U

S eII

+

U

-

→   diode equa>on

„Dark“ characteristics

n – diode ideality factor (1 ... 2)

IS – diode saturation current
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• Connection of the measurement circuit

measure current

connect to DC

power supply unit

A           

C

measure voltage

4.   I(U) characteristics of a solar cell in dark

I

+

U

–

(22)

(23)

solar cell

to PC

• LabView program for I(U) measurement – „OPT_Lab_04a.vi“

File →

Print Window

4.   I(U) characteristics of a solar cell in dark

→ diode ideality factor

→ saturation current

→ series resistance

→ parallel resistance
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V I

Dark characteristics:













−= ⋅ 1TUn

U

S eII

Normal characteristics:
SC

Un

U

S IeII T −













−= ⋅ 1

Illumination

+

U

-

Voltage

Current

4.   I(U) characteristics of a solar cell under illumination

V I

Dark characteristics:













−= ⋅ 1TUn

U

S eII

Normal characteristics:
SC

Un

U

S IeII T −













−= ⋅ 1

generator mode

of operation

+

U

-

Constant illumination

Voltage

Current

4.   I(U) characteristics of a solar cell under illumination
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+

U

-

V

I

4.   I(U) characteristics of a solar cell under illumination

Voltage

Current

• Measurement board – view from top

Cathode

of the cell

(–)

Power 

supply

Measuring resistor

Set

voltage

Common

ground

Anode

of the cell

(–)

4.   I(U) characteristics of a solar cell under illumination
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• Connection of the DAQ interface and the measurement circuit

Data acquisition card

set 

voltage

connect to DC

power supply unit

measure

voltage

UR

4.   I(U) characteristics of a solar cell under illumination

+5V Gnd

2

0

+

2

1

3

1

-

-

+

3 -

USB DAQ, (C) LPVO

Analogni izhodi

+
+

0 -
Analogni vhodi

KI

+10V

-10V

10Ω
OUT0

ANODA

KATODA

GND

I
A

C
U

OUTPUTS

INPUTS

I

–

UR

+

UR = I × KI

solar cell

• LabView program for I(U) measurement – „OPT_Lab_04b.vi“

RUN 

measurement

4.   I(U) characteristics of a solar cell under illumination

CLEAR all

measurements

input 

resistance value

of the

measuring

resistor
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• LabView program for I(U) measurement – „OPT_Lab_04b.vi“

File →

Print Window

4.   I(U) characteristics of a solar cell under illumination

+

U

-

V

I

open circuit 

voltage, UOC

4.   I(U) characteristics of a solar cell under illumination

Voltage

Current short circuit current, ISC
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1/R

I

U

PR = I · U

+

U

-

V  I

V

I

R

4.   I(U) characteristics of a solar cell under illumination

Voltage

Current

operating 

point

1/R

I

U

PR = I · U

+

U

-

V  I

V

I

R

4.   I(U) characteristics of a solar cell under illumination

Voltage

Current

operating 

point
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1/Ropt

IMPP

UMPP

PR = I · U

opt

OCSC

opt

MPPMPP

P

UI
FF

P

UI ⋅
⋅=

⋅
=η

• Fill factor:

• Converstion efficiency:

MPP

opt

MPP

P

P
=η

(electrical power)

(optical power)

OCSC

MPPMPP

UI

UI
FF

⋅
⋅

=

4.   I(U) characteristics of a solar cell under illumination

Voltage

Current

• Results:

4.   I(U) characteristics of a solar cell under illumination

1/Ropt

MPP

ISC

UOC
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A

V

0 0.1 0.2 0.3 0.4

U [V]

0.5 0.6

6

3

2

I
[A

]

9

7

8

1

4

5

3 ISC

2 ISC

ISC

UOC

+              −

+              −

+              −

+              −

4.   Parallel connection of solar cells

0 0.4 0.8 1.2 1.6

U [V]

2.0

3

2

1

I
[A

]

V

A
ISC

UOC 2 UOC 3 UOC

+

−
+

−
+

−

+

−

4.   Serial connection of solar cells
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4.   Connection of solar cells – measurement results

Parallel connection Parallel connection – shading

Serial connection Serial connection – shading

ISC1

ISC2

ISCn

4.   Serial connection of solar cells – the problem of shading
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ISC1

ISC2

ISCn

Isc1 limits the current of the entire module

the shaded cell is in reverse

polarization, it acts as a load

(can be destroyed!)

–

+

4.   Serial connection of solar cells – the problem of shading

ISC1

ISC2

ISCn

bypass diode bypasses the shaded cell

and enables more current to go through–

+

4.   Serial connection of solar cells – the problem of shading
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ISC1

ISC2

ISCn

4.   Serial connection of solar cells – the problem of shading

4.   Reference measurement of solar cells and PV modules

STC (Standard Test Conditions):

- Reference spectrum AM1.5

- Optical power Jph = 1000 W/m2

- Temperature T = 25 °C

Reference spectrum AM1.5

O
p

ti
ca

l 
p

o
w

e
r 

d
e

n
si

ty

Wavelength
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PV modul
Priključna škatla

• 60 identical solar cells connected in series

• a string of 20 cells is bypassed by a bypass diode inside the junction box

Junction box
PV module

4.   Photovoltaic module


