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An overview of optoelectronics R&D and Industries
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XA% = (Photovoltaic Industry)

LED~ . (LED Industry)

X% 27 (Optoelectronics Display)

B 5% ALK (Laser and the applications)

B 4% %M (Imaging Detection), CCD #= CMOS &%k
¢ ShARM ., £ B (Infrared detector and Sensors)
K4Fi8412 £ (Fiber optical Communication)
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Solar Photovoltaic Industry



Power generation principle

The sun shines on the
semiconductor p-n junction,

. -~ forming a new hole by -
electron pairs. Under the
Frontelectrode() | ¢ ' Suniignt action of the p-n junction
% 1 . 1 electric field, the holes flow
I m'\”f l =i 5 from the n region to the p
N-type silicon (P +) —= Y e region, and the electrons flow
: ¥i l €D | from the p region to the n
riypesiion® 8 : ? region, and the current is
’ i formed after turning on the
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Solar cell material types

A FH 8 B th A SR A sk

o AT
Silicon Crystal
o X nkE
PolySilicon
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Solar energy eventually will be the main source of energy to

meet human needs X PH BB &4 25 2 NRF R FE TR
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S Solarhieat* | o) Global Change

B Solar Power

m Wind (WBGU)

B Biomass

O Hydro

Nuclear
Gas
Coal
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X FH RE Bt T 2 W2 Soalr photovaltic cell processing
L RERIHIE (To obtain Single Crystal Silicon )
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APHEE M T2 Solar photovoltatics cell processing

PNZEHIFE R (To form the PN junction)
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X FH Rk Bt T 2 W A2 Soalr photovaltic cell processing

HL A FRRIAE ( to manufacture the electrodes)
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X FH Rk Bt T 2 W A2 Soalr photovaltic cell processing
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%5 5 i Antireflective film

The antireflective film on the solar cell is similar to the film on other optics (such as a camera
lens). They contain a thin layer of dielectric material, the thickness of the film specially designed,
light interference between the film effect, to avoid the surface as in the semiconductor as
reflected. These avoidance of reflected light and other light destructive interference, resulting in
reflection of the battery light intensity is zero. In addition to the anti-reflective filmi£E A BH B¢ Hith
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JtFEBF Optical trap
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ZmEMEEM Anisotropy alkali etch
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R&D of n - type back - gate electrode photovoltaic cells

nZIE M AR R R EI TR

IBC (Interdigitated back contact) battery initially mainly used in the condenser
system, Battery selection n-type substrate material, before and after the surface
are covered with a layer of thermal oxide film to reduce the surface composite.
Using the photolithography technique, phosphorus and boron are locally diffused
on the back of the battery to form P-zone, N-zone, and P + region, n + region
located above. The P + and N + regions formed by the re-expansion can
effectively eliminate the voltage saturation effect under high converging
conditions.
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R&D of n - type back - gate electrode photovoltaic cells

nZ4 1 FEAR 6 A FRLYER AT

In addition, the coverage area of the P + and N + region contact electrodes almost
reaches 1/2 of the back surface, greatly reducing the series resistance. The core
iIssue of the IBC battery is how to prepare the P and N regions with better quality and
interdigitated intervals on the back of the battery. In order to avoid the complex
operation caused by the lithography process, a layer of boron-containing interdigitated
diffusion masking layer can be printed on the back of the battery. The boron on the
masking layer is diffused and enters the N-type substrate to form the P + region, The
area of the film, after the formation of phosphorus diffusion N + area. Through the
screen printing technology to determine the back diffusion area has become the focus
of the current research.lt ),  P+AIN+ X 32l F A 1178 o5 AR LA 2 R /2,
RKFEAS 7 AR ECHILPH . TBC RV A AZ O[] 32 G0 ] £ FL vl 5 T Al 5 HS o B s B2 AR
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W) X ARY B =, k= RN E 585 2 ANAL A R P+ X, 11 A B R
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R&D of n - type back - gate electrode photovoltaic cells
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R&D of n - type back - gate electrode photovoltaic cells
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R&D of n - type back - gate electrode photovoltaic cells
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IBC & ith 4477~ LAk 3 & Progress in
Industrialization of IBC Cell Technology
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Introduction of Thin Film Photovoltaic

Industry EESGR=I K BB

In 2007, the bright performance of First Solar in the United States brought a new era of
film industry, a low cost of $ 1.3 / watt, a conversion rate of around 11%, a huge order in
Europe and North America, and a large-scale production that was not restricted by raw
materials. Of high profits, high income, high reliability and earnings expectations, but
also prompted the industry to find a film era is coming. In 2007 and 2008, the global PV
industry is the most hot part of the field of thin film, Taiwan almost instantly put more
than 10 thin film project, the domestic amorphous silicon leader Rio Tinto new energy
successfully IPO, followed by the domestic IPO companies include, involving amorphous
Silicon thin film : Tianwei change (600550), variety shares (600770), Gan shares
(000899). 2009 industry experts predict that by 2030, thin-film solar cells will account for
more than 30% of the overall share of solar cells, which is equal to crystalline silicon
solar cells.
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Different type of thin film solar cells

» 2t 8% 72 (Amorphus Silicon, a-Si)

» ik & 72 (Nanocrystalline Silicon ° nc-Si @ or
Microcrystalline Silicon > uc-Si)
»>CIS/CIGS (4 Ao i 4+ )

»>CdTe(FF i &)

» ¢ Zagit 42 (Dye-Sensitized Solar Cell)

>3 fes @ 8 & 3 (Organic/polymer solar cells)



2t 8 72 (Amorphus Silicon, a-Si)
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The advantage of amorphous silicon is that the absorptive capacity of the visible
spectrum is strong and the production of the film by sputtering or chemical vapor
deposition is mature and inexpensive and the cost of the material is much cheaper
than that of other compound semiconductor materials. But the shortcomings are
low conversion efficiency (about 10 ~ 12%), and will produce serious problems of
light degradation, and will cause serious light deterioration of the problem, it can
not enter the solar power market, and more used in low-power consumer
electronics market. The low cost advantage, will remain the future of thin film solar
cell as one of the mainstream.
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Process of Manufacturing Amorphous Solar Cell (Glass Substrate)
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“Amorphous Si:H Thin-film Solar Cell”




CIGS(4 &#FFg 40 i 1)

CIGS(CopperIndiumGalliumDiselenide)/s = i* & L & iF o i3 f L ez 5k
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CIGS belongs to compound semiconductors. The absorbance (spectrum) of this
material is very wide and the stability is better. Conversion efficiency, if the use of
condenser device assistance, the current conversion efficiency has reached 30%, the
standard environmental test has reached a maximum of 19.5%, enough to match the
best conversion efficiency of monocrystalline silicon solar cells. In the large-scale
process, the use of flexible plastic substrate, the best conversion efficiency has
reached 14.1%. Because better stability and conversion efficiency have been quite
excellent, it is considered to be one of the most promising thin film solar cells in the

future.




CIGSe = H 3 kv 2xF 2 M= & » JoF 5 4 54F o« L F =+ HCIGSk
s ke sk BB T ik 1988 CIGSIL 447k 2 Beh7 b B ksygv 57
24 1.02evx 1.68ev > “'IF'%{JL? e 5 R e ir- e B e
Trray o gt d T F ek d (a>10M4~10M5em-1) o A E ke ﬁ%'%}i% iz
id lum > 99% 12 b ek 3 3T Akefe > Fp - Ade i B A 4ldpt 0 rE LS A
FFL# e = 7 US$0.03/W -
CIGS is favored by many people due to its high photoelectric efficiency and low
material cost. In the laboratory, the CIGS photocell is capable of photoelectric
efficiency up to about 19.88. With the indium gallium content, the light absorption
range can range from 1.02eV to 1.68eV. This feature can be used in the multi-layer
stack module. Step by step to improve battery tissue performance. In addition, due to
the high light absorption efficiency (o> 10"4 ~ 10*5 cm-1), the required thickness of
the optoelectronic material does not exceed 1um, more than 99% of the photons can be
absorbed, so the general crude production, the required semiconductor raw materials
may Only US $ 0.03/W.
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Solar cell module production process

0.05/3 pm|[ | [ |NVAL

0.1 pm MgF, ‘
0515um| 1CO (ZnO:Al) || sputtering

(1.0 g1an i-Zn0 )

»Chemical Bath deposition

®Vacuum method
» Co-evaporation

» Sputtering + selenization
1.5-2.0 pm C“Inl.xGaxsez > ®Non-Vacuum method
7 Electro-deposition + selenization
» Printing+ selenization

0.5-1.5 pm Mo ——» Sputtering
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CdTe(#r i 5&)
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1+ & » CdTe is a binary compund, the efficiency is not bad: If the use of high
temperature (~ 600 degrees C) boron glass as the substrate conversion efficiency of
up to 16%, while the use of low temperature but low cost of sodium glass substrate
Can achieve 12% ,CdTe in the film process far easier than CIS or CIGS control,
coupled with the application of a variety of rapid film-forming technology (such as
vapor deposition), modular production is easy, to large area of building materials ,
There are already commercial products in marketing, conversion efficiency of about
11%. However, because cadmium is already controlled by the country's highly
polluting heavy metals, so the future development of this material technology is still
the shadow of the existence.




CdTe Film Deposition
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CdTe Film Deposition

m Spray deposition
0CdTe + CdCL, + propylene glycol =&
m Organic Chemical Vapor Deposition (MOCVD)

O Dimethylcadimum = ¥ J& 45 +diusoprppyltellurium
— B R A

m Screen-print deposition
O0Cd + Te + CdCl, +F # & & &l
0700 C sintering
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SAG First Solar ----CdTe Rooftop
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Ak g o Dye-sensitized dye cells are quite innovative technologies in solar cells. They
are made of transparent conductive substrates, titanium dioxide (TiO2) nanoparticles films,
dyes (photosensitizers), electrolytes and ITO electrodes. The advantage of such a solar cell is
that the material cost of the titanium dioxide and the dye is relatively inexpensive and can be
mass-produced by the printing method, and the substrate material can be more diversified. But
the main drawback is that the conversion efficiency is still very low (average about 7 ~ 8%,
laboratory products up to 10%), and in the UV irradiation and high heat will appear serious
light degradation phenomenon, and the other is the packaging process More difficult (mainly
because of the impact of which electrolyte), so it is still the main laboratory products. However,
based on its low cost and wide application level of attraction, a number of experimental
institutions are still active in technological breakthroughs.



More St than microelectronics
Issues

. thinner cells

. simpler St purification

. higher conversion efficiency
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Thin-film Technologies

. Silicon
. amorphous
. microcrystalline
B . polyerystalline

Advantages . .
. low materials cost . Chalcogenide (polycrystalline)
. large manufacturing unit - g?fecms [Cu(in,Ga)(Se,S),]
. fully integrated modules '

: >
. aesthetics, ruggedness’ ' Dve sensitised. Organics
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Best Research-Cell Efficiencies

i<NREL

AT PAL SEAEWABLE ENERGY LABORATONY

Multijunction Cells (2-terminal, monolithic)
LM = iattice matched

™ MM = metamorphic

IMM = inverted, metamorphic

V' Three-junction (concentrator)

L~ ¥ Three-junction (non-concentrator)

A Two-junction (concentrator)

A Two-junction (non-cencentralor)

B Four-junction or more (concentrator)

O Four-junction or more (noa-concentrator)

Single-Junction GaAs
A Single crystal
Concentrator
WV Thin-film crystal
Crystalline Si Cells
B Single crystal (concentrator)
B Single crystal (non-concentrator)
O Multicrystatine

L @ Siicon heterostructures (HIT)
WV Thin-film crystal

No. Caralina
State U

Mob

Solar

. Solare
Solarex

Thin-Film Technologies

© CIGS (concentrator)

® CIGS

O CdTe

O Amorphous Si-H (stabilized)
Emerging PV

O Dye-sensilized cells

O Perovskite celis (not stabilized)
@ Organic cells (various types)
A Organic tandem cells

@ Inorganic cells (CZTSSe)
< Quantum dot cells
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Multi-junction Solar Cell
and CPV/(Concentrating Solar Power)

B Concentrator solar cell system [ Structure of a triple- [l Comparison with a
junction compound conventional structure
solar cell

" Conventional

/4 Contact
' layer

ﬂﬂ;gﬂﬂ
o3 /QS ens

‘l(@) -
I Contact
~ : E .‘. il

p—

Picture: Concentrator triple-junction compound semiconductor solar cell with record conversion efficienc)s
of 44.4%. .
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Sharp sets CPV cell solar conversion efficiency
record of 44.4% 19 June 2013

\3 Sharp's concentrator triple-junction
| compound solar cells use a proprietary

technology that enables the efficient
conversion of sunlight into electricity by
means of a stack of three photo-absorption
////// layers, the bottom-most of which is made
/1y, from indium gallium arsenide (InGaAs).

Sharp says that, to achieve a concentrating conversion efficiency of 44.4%, it worked
to widen the effective concentrator cell surface and ensure uniform width of the
interface between the cell and the electrodes.

Because of their high conversion efficiency, compound solar cells have so far been
used primarily on space satellites. However, Sharp’s aim for the future is to apply this
latest development in CPV power systems and make the use of compound solar
cells more feasible in terrestrial applications.



NREL demonstrates 45.7% efficiency for CPV
solar cell 16 December 2014

The US Department of Energy (DOE)’'s National Renewable Energy Laboratory (NREL)
has demonstrated a conversion efficiency of 45.7% for a four-junction solar cell at 234
suns concentration.

NREL invented and developed the four-junction inverted metamorphic (4J IMM) cell with
these challenges in mind. The new design consists of a gallium indium phosphide
(GalnP) junction, a gallium arsenide (GaAs) junction, and two gallium indium arsenide
(GalnAs) junctions that are lattice-mismatched to the substrate. The cell’s peak efficiency
of 45.7 + 2.3% was measured under the AM1.5 direct spectrum at 234 suns
concentration, but the device performs nearly as well at even higher concentrations,
having 45.2% efficiency at 700 suns concentration.

The device has numerous other improvements over previous designs, including a
broadband four-layer anti-reflection coating, a novel metamorphic tunnel junction
interconnect, and what is claimed to be unprecedented performance from the GalnP top
cell. Compared to standard GalnP subcells, this subcell has both higher voltage and
reduced series resistance, which is essential for high efficiency at high solar
concentrations. Through SunShot, the DOE supports private companies, universities and
national laboratories working to drive down the cost of solar electricity to $0.06 per
kilowatt-hour.



Fraunhofer ISE, Soitec and Leti raise solar cell efficiency
record from 44.7% to 46% 1 December 2014

Bernin-based Soitec (which makes engineered substrates and CPV systems) and
Grenoble-based micro/nanotechnology R&D center CEA-Leti of France, together with
the Fraunhofer Institute for Solar Energy Systems ISE of Freiburg, Germany, have
developed a multi-junction solar cell that has raised the record for the direct conversion
of sunlight into electricity from 44.7% (set by Fraunhofer ISE, Soitec, CEA-Leti and
Helmholtz Zentrum Berlin in September 2013) to 46%.

A special challenge that had to be met by the cell is the exact distribution of the photons
between the four sub-cells. This was achieved by the precise tuning of the composition
and thicknesses of each layer inside the cell structure. “This is a major milestone for our
French-German collaboration,” says Dr Frank Dimroth, project manager for the cell
development at Fraunhofer ISE. “CPV is the most efficient solar technology today and
suitable for all countries with high direct normal irradiance,” he adds.

“It confirms we made the right technology choice when we decided to develop this four-
junction solar cell and clearly indicates that we can demonstrate 50% efficiency in the
near future,” beleives Jocelyne Wasselin, VP Solar Cell Product Development for Soitec.
“To produce this new generation of solar cells, we have already installed a line in France,
" she adds. “It uses our bonding and layer-transfer technologies and already employs
more than 25 engineers and technicians. This successful cooperation with our French
and German partners will drive further increase of CPV technology efficiency and

competitiveness.”



SI quantum dot tandem cell

B o Normalised PL Spectra
' (2-5nm dots; 300K)
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Fresnel Lens Is another the Key elements

-

Specification:

Size: 1000*1000mm

Thickness: 3mm

Material: optical acrylic

Groove pitch: 0.5mm

Focal length/Magnification: 88omm

The range of application:

1) focusing action

2) Widely used in solar energy system,CPV

3) Also be suitable for Solar energy collector system, start
a fire under sunlight, hot water heater, solar furnace, LCD
projector

Feature and advantages:

1) High light transmittance

2) Hihh efficiency in focusing i M
2) We can provide customer fresnel lens,because we can g e
make mould by ourselves

3) 10 years’ professional induction and design :
4) High quality and competitive price o
5) CE,Factory Audit,1S09001,AGC :
6) Good after-sales service
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CPV Concentrating Solar Power
Is It The third generation?

Photovoltaic
receiver

Stirling engine

Solar Systems,
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Cell Efficiency (%)
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Best Research-Cell Efficiencies

J

MR LA

LNREL

Transforming

52
Multijunction Cells (2-terminal, monolithic)
LM = latfice matched
48 [~ MM =metamorphic
IMM = inverted, metamorphic
W' Three-junction (concentrator)
44+ 'V Three-junction (non-concentrator)
A Twoqunction {concentrator)
A Twodunction {non-concentrator)
o] Four-junction or more (concentrator)
4r- 0 Four-unction or more (non-concentrator)
Single-Junction GaAs
A Single crystal
B[ A Comenvalor
V Thindim crysta
Crystalline Si Cells
2 @ Single crystal (concentrator)
B Single crystal (non-concentrator)
O Muticrystaline
28 - @ Siicon heterostructures (HIT)
V' Thin-im crystal
8-
0+
Sandia
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Thin-Film Technologies

© CIGS (concentrator)

@ CicS

0 Cdle

O Amorphous SiH (stabiized)

Emerging PV
O Dye-sensitized cells

O Perovskite cells (not stabilized)

A Perovskite/Si tandem (mon

@ Inorganic cels (C
© Quantum dot ce\s
(various types)
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Efficiency (9%)
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Perovskite cells are
now as efficient as
silicon panels.
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Encapsulating cells
or blocking UV light

enables them to
last for weeks.
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LED ;FEMvAYYH
LED industry
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direct—gap materials

AE

conduction
band

interband photoluminescence
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conduction band
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= 4-Radiation recombination

Radiation recombination: banded composite, shallow donor - valence band or
conduction band - shallow by the main compound (applied, the donor ionization
energy is very small, transition and belt - band transition is difficult to distinguish,
but due to the introduction of impurity level K is (000), the law of conservation of
momentum is easy to meet and improve the probability of direct transition.), The
combination of donor and acceptor, through the combination of deep level, such as
electronic traps

 Nonradiative compound: polyphonic compound, Auger complex, surface
composite

JEME G W E S RREE- SR BRI E S i, 2 EW R
AR/, BRIE - BRI ARAE DR, HEH T 5l AR REHR AL TKDy (000D 4,
Nz & P e A i L, fem T HiBRIZ L) | . R EZAPE S,
WBILRBEERIE & FHE TP

JArENE G ZFETES. HEES. REOES



Radiation from a Semiconductor Junction

Energy gap or
A barrier voltage A
Ey,—E

(p
E J_ * & @ ® o 9

¢ .li. ) v E,
E iso-electronic
T f L T Direct B L
——————— ——-=|--=-=---E o
> Eop On g AEq | recombination \E indirect
@ ‘"\»:\ & recombination
Y binati
E v Recombinatton Y ¥ £
’ 0o 00 olto 6 00 000
E
2
p n
(a) p-n junction (b) Recombination in p-n junction
. 1240
wavelength of radiation: A = ——— (nm)
AE(ev)

where AE : energy gap (ev)
A . wavelength of radiation (nm)

e.g. GaAs AE =1.43 ev, find the radiation wavelength
1240
1.43

A ~ 876 (hm) = Near Infrared (NIR)



Choice of LED Materials

Choice of light emitting material

\

[ Choice of Light \\f =

. a3 ; LED Chip Design
usually based on the following | Emitting Material | ,

\, g

initial considerations :  Choi ' p
: \Chmce of Substratel Epitaxial Growth
(1) E, of the material — \ , ,
g . Epitaxy Structure | JVL
(2) appropriate substrate f . ’ i Process
(3) availability of heterostructures [ _Chip Structure | M
~

LED Package
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High Brightness Blue LEDs

e,
1ce and e

p-electrode
p-Ga SiO, passivation
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p-Al ,Ga, N-_]
InGaN MQW-—" |
n-GaN~"| | n-electrode
n'Alo.osc’ao.ssN/
n-In, ,,Ga, N T n-GaN
GaN buffer layer
C-face sapphire substrate
P-Contact
— + Transparent Contact Layer Single
T InGaN
P-Gah QW Active
T NGaN - L¢— N-Contact oY
MQWs Sapphire Substrate oR
( ~100 ﬂm) Semitransparert AuNi
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(=30 A) p Conmct Slacked
QW Active
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(=~ 100 um)

A 350 pm

L4



| Sowa 20144F 3% TR Y3
_ W mKemRers e BRE, PRET
% Hi%


http://photo.blog.sina.com.cn/showpic.html

° Gre; i
eat topic tg Publish lots of Papers|

Working at a Small company;
> Small Budget

> One Researcher

Commonly accepted in 1970s—1980s: 20141t DURVH
> LEDs need dislocation density < 1x10® cm? %?%E ’ EP*]L{I%:

eI 6

Never thought | could invent blue LED using GaN...
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- yN{a#ESapphire A% £GaN LED
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Table 3.2+ Summary of LED Packapge Price and Performance Projections
‘l' |_‘l
F rF-]

Cool White . ) .
Efficacy (Im/W) 133 166 19 215
Cool White . )

Price (S/klm) 13 6 2 |
Warm White ; . ~ 1
Efficacy {Im/W) 93 133 179 211
Warm White o o,
Price (S/kIm) 18 3 22

| i

Table 5.1: Summary of Warm White pc-LED Luminaire Efficiencies and Efticacies

2010 Status

2020 Target

Diode Efficiency 49% 77%
Phosphor Conversion 47% 62%
Spectral Efficiency 82% 95%
LED Package Efficiency 27% 53%
LED Nominal Efficacy (Im/W) 92 183
Luminaire Efficiency 62% 79%
Luminaire Efficacy (Im/W) 57 144
High Current Luminaire Efficacy (Im/W) 44 144

Note: Luminaire efficiency only includes driver, fixture, and thermal effects.
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Table 3.2 Summary of LED Package Price and Performance Projections
oz 2015

Cool White . _ )
Efficacy (lmW) [ 133 166 3 213
Cool Whita . .
Price (S/kim) = 6 z
Warm White . .- - .
Efficacy (ImW) [ % 133 17 21
Warm White . 13
Price (S/kim) I8 - - :
- Table 5.1: Summary of Warm White pc-LED Luminaire Efficiencies and Efficacies
Metric 2010 Status 2020 Target
Diode Efficiency 49% 77%
Phosphor Conversion 47% 62%
Spectral Efficiency 82% 95%
LED Package Efficiency 27% 53%
LED Nominal Efficacy (Im/W) 92 183
Luminaire Efficiency 62% 79%
Luminaire Efficacy (Im/W) 57 144
High Current Luminaire Efficacy (Im/W) 44 144

Note: Luminaire efficiency only includes driver, fixture, and thermal effects.
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