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Abstract— The main losses in solar cells result from the incomplete 

utilization of the solar spectrum. By the addition of a down-

converting (DC) layer on the front side of a silicon solar cell, the 

generation more than one low-energy photon for energy incident 

can be utilized. 

In this paper we demonstrate the possibility to improve the 

efficiency of solar cells by using down-conversion glass and glass 

ceramic layers based on 70Si𝐎𝟐-30Hf𝐎𝟐 doped T𝐛𝟑+/Y𝐛𝟑+.  

The down-conversion process is based on a cooperative energy 

transfer mechanism between one T𝐛𝟑+  and two Y𝐛𝟑+ ions. Y𝐛𝟑+ 

has only one excited level 2F5/2. The relaxation 2F5/2→ 2F7/2 between 

the excited state and the fundamental level produces a near infra-

red (NIR) photon at 980 nm wavelength, which is close to the edge 

of silicon band gap. On the other hand T𝐛𝟑+ is used as sensitizer, 

with absorption in the blue at 488 nm through the 𝐅 𝟕 𝟔 → 𝐃 𝟓 𝟒  

energy levels and cooperative transfer to Y𝐛𝟑+ ions. 

 

 

 
Keywords— Quantum cutting; Down-conversion; Rare earths; 

Glass-ceramic; Energy transfer; photovoltaic solar cells 

I. INTRODUCTION 

The low conversion efficiency of silicon solar cells is 
mainly due to the mismatch between the incident solar 
spectrum and the spectral absorption properties of cell’s 
material (Fig. 1). Photons with energies smaller than the silicon 
band gap are not absorbed, and their energy is totally wasted. 
Photons with energies larger than twice the silicon band gap are 
absorbed, but the excess energy is lost to heating [1]. Before 
generating a significant fraction of energy demand with PV 
cells, increasing the conversion efficiency of these cells is 
essential. Different approaches have been proposed in recent 
years to improve the conversion efficiency of a solar cell 
semiconductor [1-2]. The best result is obtained with PV solar 
cells having a multijunction structure. The gap junctions 
narrows from top to bottom, which allows efficient use of solar 
energy in different spectral ranges. However, this technique is 
very complicated and expensive to be competitive 
economically. A more simple and interesting approach is the 
modification of the spectrum solar by engineering of 
luminescence. The down-conversion and up-conversion 
mechanisms are usually exploited to modify the incident solar 

spectrum [3] (see Fig. 1). In down-conversion, multiple low-
energy photons are generated to exploit the energy of one 
incident high-energy photon. In up-conversion, two or more 
incoming photons generate at least one photon with a higher 
energy than the incoming photons [4].  
In this paper we focus on a down-conversion mechanism which 
can reduce thermal losses. The down conversion, also called 
quantum cutting, permits to generate more than one low energy 
photon exploiting the energy of one incident high energy 
photon [2]. The advantage of this approach is best exploited by 
deposing a "down-conversion" layer on the cell (Fig. 2). 
Therefore we can convert UV / blue light inefficiently used by 
cells in near-infrared light very efficiently absorbed, increasing 
significantly the cell efficiency. Trupke et al. suggested that the 
performance can be improved by a layer of "down-conversion" 
to the cells. According to their calculations, a layer of "down-
conversion" ideal that intersects each solar high-energy photon 
(UV / blue) into two photons in the near infrared can increase 
the limit of the cell efficiency from 30% to 36.6% [5]. 
 

 

Fig.1  Solar spectrum with the indication of the band gap and twice the band 
gap of silicon [1]. The down-conversion converts photons from a high energy 
band (in blue) to the maximum absorption band of the silicon (in white). The 
up-conversion converts photons from a low energy band (in red) to the 
maximum absorption band of the silicon (in white) 

 

Different mechanisms based on energy transfer between a RE3+ (absorbing ion) and Yb3+ (emitting ion) were 
investigated recently: Pr3+/Yb3+; Er3+/Yb3+, Tb3+/Yb3+; Tm3+/Yb3+ [ 6-7-8]. With the rich energy levels of RE3+ ions, 
it is possible to dividing the energy absorbed into several parts 
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and transfers the energy to Yb3+ ions. And Yb3+ only emits 
light around 980nm used very effectively by Si solar cells. 

 

 

Fig.2   Down-conversion for photovoltaic solar cells, layer placed over a solar 
cell converting violet–blue photons into red-NIR ones. 

 

 

Fig. 3  Schematic energy level diagram of Tb3++ and Yb3+ showing the 
cooperative energy transfer process between the doped ions [10]. 

In this work on the down-conversion process, we used 
cooperative energy transfer between Tb3+ ion and two Yb3+ 
ions [4]. Fig. 3 shows the schematic diagram for the Tb3+Yb3+cooperative energy transfer process. The Tb3+: D 5 4 energy level corresponds at about twice the energy of the Yb3+: 22F5/2 energy level. The Yb3+ ions don’t present an 
energy level above the 22F5/2  level up to the UV region. The 
cooperative energy transfer between a Tb3+ ion and two Yb3+ 
ions can be the main relaxation route to achieve the NIR 
luminescence of the Yb3+. Therefore two NIR photons are 
emitted by Yb3+ ions after the absorption of a single photon by 
a Tb3+ ion. We used decay curve analysis to evaluate the 
transfer efficiency. 

Most studies of down conversion have been performed on 
single crystals characterized by a low phonon cut-off energy to 
minimize non-radiative transitions from the RE ions to the host 
matrix. Recent studies, however, have demonstrated that some 
glasses (G) and transparent glass ceramics (GC) could be 

alternative systems for supporting an effective quantum cutting 
process. [10]. 

Sol gel-derived silica-hafnia is a reliable and flexible system 
that has proved to be suitable for rare earth doping and 
fabrication of glass-ceramic planar waveguides [11]. Moreover, 
we demonstrated that sol-gel derived Er3+ activated silica-
hafnia planar glass ceramic exhibits good optical and 
spectroscopic properties for photonic applications [12-13]. In 
silica-hafnia glass-ceramic the rare earth ions are embedded in 

hafnia nanocrystals which have a cut-off frequency of about 
700 cm−1 [14]. So the presence of hafnia nanocrystal produces 
a strong reduction of the non-radiative transition process 
reflected by a lengthening of the measured emission lifetime. 
For these reasons the silica hafnia glass ceramic seems a 
suitable matrix to produce rare-earth activated films suitable for 
down conversion process. However, different parameters 
remain to be determined before synthesizing a layer potentially 
useable in a photovoltaic system. A critical parameter is the 
active ions content necessary to get the best conversion 
efficiency. 

In this work, the process of "down-conversion" is studied in a 
70SiO2-30HfO2glass ceramic planar waveguides co-activated 
by Tb3+/Yb3+fabricated by sol gel route. The energy transfer 
from Tb3+ to Yb3+  ions was investigated as a function of the Tb3+/Yb3+concentration. 

II. EXPERIMENTAL 

A series of glass ceramic 70SiO2-30HfO2planar waveguides 
samples co-doped by fixed 0.5 mol% Tb3+and different mol% Yb3+ were prepared by sol–gel route using the dip-coating 
technique. 

The starting solution, obtained by mixing 
tetraethylorthosilicate (TEOS), ethanol, deionized water and 
hydrochloric acid as a catalyst, was pre-hydrolyzed for 1 h at 
65 °C. The molar ratio of TEOS:HCl: H2O was 1:0.01:2. An 
ethanolic colloidal suspension was prepared using as a 
precursor HfOCl2 and then added to the TEOS solutions, with 
a Si/Hf molar ratio of 70/30. The quantity of ethanol was 
adjusted for each solution in order to obtain a final total [Si+Hf] 
concentration of 0.448 mol/l. Terbium and ytterbium were 
added as Tb(NO3)3;5H2O and Yb(NO3)3;5H2O. The final 
mixture was left at room temperature under stirring for 16 h. 
The obtained sol was filtered with a 0.2 μm Millipore filter. 
Silica–hafnia films were deposited on cleaned pure SiO2 
substrates by dip-coating, with a dipping rate of 40 mm/min. 
Before further coating, each layer was annealed in air for 50 s 
at 900 °C. After a 10 dipping cycle, the film was heated for 2 
min at 900 °C. Final films, obtained after 30 dips, were 
stabilized by a treatment for 5 min in air at 900 °C. As a result 
of the procedure, transparent and crack-free films were 
obtained. An additional heat treatment was performed in air at 
a temperature of 1000 °C for 30 min in order to nucleate 
nanocrystals inside the film 70SiO2-30HfO2glass ceramic 
planar waveguides doped with rare earth ions were thus 
produced. Table 1 gives the compositional and optical 
parameters of the obtained silica-hafnia planar waveguides. 

 The thickness of the waveguides and the refractive index at 
632.8 and 543.5 nm were obtained by a m-lines apparatus 
(Metricon, mod2010) based on the prism coupling technique, 
using a Gadolinium Gallium Garnet (GGG) prism, with the 
setup reported in [15]. 
XRD measurements were carried out at room temperature an 
X’Pert PRO diffractometer (Panalytical). A Cu anode (with 
Kα1,2 lines) was used as a radiation source. Owing to the small 
thickness of the investigated waveguides, the grazing incidence 
x-ray diffraction (GIXRD) geometry was employed. XRD 
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spectra were collected in continuous scan mode in the 2θ range 
10◦–100◦, with a scanning step of 0.1◦ and counting time of 60 
s. The transmittance spectra were recorded in an UV near-
infrared spectrophotometer Photoluminescence spectroscopy 
was performed by far-field excitation using the 476 nm line of 
an Ar+ ion laser as excitation source. The luminescence 
spectrum in the region of the transition 2F5/211F7/2 of Yb3+ ion 
was analyzed by a single grating monochromator with a 
resolution of  2 nm and detected using a Si/InGaAs two-color 
photodiode and standard lock-in technique. Luminescence 
decay measurements of the 5D4 state of Tb3+  ion were 
performed after excitation with the third harmonic of a pulsed 
Nd-YAG laser. The visible emission was collected by a double 
monochromator with a resolution of 5 cm−1  and the signal was 
analyzed by a photon-counting system. Decay curves were 
obtained recording the signal by a multichannel analyzer 
Stanford SR430. More information about the experimental 
setups can be found in [16]. 

 

TABLE I 

RARE EARTH CONCENTRATION, RELATIVE INDEX  AND LAYER TICKNESS OF 

THE SAMPLE 

Sampl

e label 

Terbium 

concentrat

ion in 

mol% 

Ytterbium 

concentrat

ion in 

mol% 

n@54

3.5 nm 

TE [± 

0.001] 

n@63

2.8 nm 

TE [± 

0.001] 

Layer 

thickness 

[±0.2μm] 

AR1 0,5 0 1,621 1,616 1,0 

A1 0,5 1 1,626 1,621 1,0 

A2 0,5 2 1,631 1,626 1,0 

A3 0,5 3 1,633 1,628 1,1 

 

III. RESULTS AND DISCUSSION 

The structural properties of the waveguides are obtained by 
the XRD measurements. Fig 4 shows the XRD patterns of 
70SiO2-30HfO2waveguides doped O,5% Tb3+ treatment at 
900 °C (glass) and  1000 °C (ceramic glass ) and the 70SiO2–
30HfO2 waveguides doped O,5% Tb3+ : 3%Yb3+  treated at 
1000 °C. All XRD spectra contain contributions from 
amorphous structures. In particular, the hump centred at 2θ ≈ 
21◦ is a typical feature of a- SiO2, originating from the silica 
substrate and from the SiO2 component of the waveguides (70 
mol %). According to XRD, the waveguides treated at 900 °C 
are fully amorphous. As clearly shown in fig. 4(a), 
crystallization in the 70SiO2-30HfO2waveguide starts after heat 
treatment at about 1000 °C for 30 min as documented by the 
presence of Bragg reflection peaks. As shown in fig. 4 the effect 
of the crystallization increases by increasing the concentration 
of rare earth showing that in silica–hafnia glass ceramic, the RE 
ions are embedded in hafnia nanocrystals. Similar result has 
founded by Roca and all in Er3+ doped 70SiO2–30HfO2 planar 
waveguides [17]. From the comparison between XRD data and 
the ICSD database, we attribute the crystalline phase in 
waveguides to the metastable tetragonal hafnium oxide (t-

HfO2),The diffraction peaks calculated from the matched ICSD 
card (No 85322) are shown (vertical lines). The ICSD card 
belongs to the isostructural metastable t-HfO2 phase [17].  

Fig. 5 shows the optical transmission spectra of the 
investigation 70SiO2-30HfO2waveguides doped 0,5% Tb3+  
treated at 900 °C (glass) and that treated at 1000 °C (glass 
ceramic). The spectra reveals that, despite the difference in 
refractive index between the v-SiO slabs (n= 1.46 at 632 .8 nm) 
as substrates and the layer glass ceramic (~1.612 at 632 .8 nm) 
the transmittance of the glass ceramic reaches as high as 90% 
in the visible infrared range, which is due to the much smaller 
size of the precipitated crystals than the wavelength of the 
visible light [18]. 

 

 
 

Fig. 4 Observed XRD patterns of 70SiO2-30HfO2waveguides: (a) 0,5mol% Tb3+: 0 mol% Yb3+treated at 900 °C. (b) AR1, (c) A3 
 

 
Fig. 5 Optical transmission spectra for (a) 70SiO2-30HfO2waveguides with 

0,5mol% Tb3+: 0 mol% Yb3+ treated at 900 °C. (b) AR1  
 

Fig 6 shows the photoluminescence spectra recorded 
between 960 and 1060 nm of the Tb3+-Yb3+co-doped samples. 
The intense emission band centered at 977 nm, with a shoulder 
at 1027 nm, is attributed to the 2F5/22F7/2 transition of Yb3+ 
ions. The emission of the Yb3+ ions after excitation in the blue 
region is an indication of the presence of an efficient energy 
transfer from Tb3+ to Yb3+ and so of an effective down-
conversion.  For application of Tb3+ and Yb3+ co-doped 70SiO2 
- 30HfO2 glass ceramic layer as down converter, high external 
quantum efficiency is required. However, it is not possible to 
evaluate the conversion efficiency only on the base of the 
photoluminescence spectra. Assessment of the conversion 
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efficiency is obtained from the estimation of the energy transfer 
efficiency between terbium and ytterbium. The evaluation of the 
energy transfer efficiency between Tb3+ and Yb3+ can be 
obtained by comparing the luminescence decay of terbium with 
and without ytterbium co-doping ions.  

In fig. 7, the decay curves of the Tb3+ 5D47F5 emission at 
543.5 nm are plotted for the different samples. Nearly single 
exponential luminescence decay is observed for the sample 
without Yb3+. The fast luminescence decay observed for the co-
doped samples is attributed to the energy transfer from the Tb3+: 
5D4 to the Yb3+: 2F5/2 [19]. 

 

 
Fig.6   Room temperature photoluminescence spectra of the 2F5/2→ 2F7/2  

transition of Yb3+ ions after excitation at 476 nm for the three samples: (a) A1; (b) 
A2; (c) A3. Each spectrum was normalized to the maximum of the luminescence 
intensity 

 
 

 
Fig. 7  Decay curves of the luminescence from the 5D4 metastable state of Tb3+ions 
for the second samples series under excitation at 355 nm. 

 
    The not exponential behavior of the decay can be explained 
by different distributions of Yb3+ ions around the Tb3+ ions, 
which lead to different energy transfer rates for the different 
Tb3+ ions [20]. The energy transfer efficiency ηTb-Yb can be 
obtained experimentally by dividing the integrated intensity of 
the decay curves of the Tb3+Yb3+ co-doped glass ceramics by 
the integrated intensity of the Tb3+ single doped curve [19]:  ηTb−Yb = 1 − ∫ ITb−Ybdt∫ ITb dt         (1) 

The effective quantum efficiency can be defined by the ratio 
between the number of emitted photons and the number of 

photons absorbed by the material. In our case, a perfect down-
conversion system would have an effective quantum efficiency 
value of 200%, corresponding to the emission of two photons 
for one absorbed. The relation between the transfer efficiency 
and the effective quantum efficiency is linear [19] and is 
defined as: ηEQE = ηTb−r(1 − ηTb−Yb) + 2ηTb−Yb      (2) 

Where, the quantum efficiency for Tb3+ ions ηTb-r is set equal 
to 1. The evaluated values of energy transfer efficiency and 
effective quantum efficiency for the different samples are 
reported in Table 2. 

. 

TABLE II 

TRANSFER EFFICIENCY AND EFFECTIVE QUANTUM EFFICIENCY AS A 

FUNCTION OF YB3+MOLAR CONCENTRATION FOR 70SIO2–30HFO2 GLASS 

CERAMIC WAVEGUIDES WHERE TB3+ CONTENT IS FIXED AT 0.5 MOL%. 

Composition (Yb concentration in 

mol%) 

1% 2% 3% 

Transfer efficiency 14% 24% 25% 

Effective quantum efficiency 114% 124% 125% 

 

IV. CONCLUSIONS 

70SiO2-30HfO2 glass ceramics co-doped Tb3+/Yb3+with Tb3+ 
content kept constant at 0.5 mol% and increasing Yb3+ molar 
concentration were prepared by sol-gel method and dip coating 
processing. The XRD measurements show that the 
crystallization of the waveguide starts after heat treatment at 
about 1000 °C, the effect of the crystallization increase by 
increasing the concentration of the rare earth. Near-infrared 
emission at 980nm assigned to the 2F5/2→ 2F7/2 transition of the 
Yb3+ ions was observed upon excitation at 476 nm. The energy 
transfer efficiencies were estimated from the decay curves of 
the 5D4 metastable state of the Tb3+ ion. The Tb-Yb energy 
transfer efficiency increases with the increase of the molar ratio 
Yb/Tb but don’t exceed 24-25%. For this reason another series 
of sample has been fabrication with higher content of rare earth 
ions [Tb3+ +Yb3+] for the future work. 
       This work is an progress to explore the possibility of 
enhancement silicon based solar cell efficiency using down 
conversion layer by electrical characterization. The 
photovoltaic efficiency of cells with and without down-
converting (DC) layer will be evaluated according to 
photovoltaic current density-voltage (I-V). 
 

ACKNOWLEDGMENT 

The research activity was performed in the framework of 
the CNR-CNRST joint project (2014-2015). 

REFERENCES 

PC2
Texte tapé à la machine
7th International Conference on Control Engineering  &  Information Technology (CEIT-2019)
Proceedings of Engineering and Technology PET

PC2
Texte tapé à la machine
Copyright - 2019
ISSN 1737-9334

PC2
Texte tapé à la machine
Page 103



[1] C. Strumpel, M. McCann, G. Beaucarne, V. Arkhipov,A. Slaoui, V. 
ek, C. Cañizo, I. Tobias., Modifying the solar spectrum to enhance silicon 

solar cell efficiency - An overview of available materials, Solar Energy 
Material & Solar Cells, vol. 91, pp. 238-249, (2007). 

[2] B.S Richards, Luminescent layers for enhanced silicon solar cell 

performance: Down-conversion, Solar Energy Material & Solar Cells, 
vol. 90, pp. 1189-1207 (2006).[2bis] V.D. Rodrı´guez a,n, 
V.K.Tikhomirov b, J.Me´ndez-Ramos a, A.C.Yanes c, V.V.Moshchalkov 
b  Towards broad range and highly efficient down-conversion of solar 

spectrum by Er3+–Yb3+ co-doped nano-structured glass-ceramics  Solar 
Energy Materials & Solar Cells 94 (2010) 1612–1617. 

[3] Xiaomin Li, Fan Zhang, Dongyuan Zhao. Nano Today (2013) 8, 643—
676 

[4] A. Boccolini, J. Marques-Huesoa, D. Chenb, Y. Wang, B.S. Richards. 
Solar Energy Materials & Solar Cells 122 (2014) 8–14. 

[5] T. Trupke, M. A. Green, and P. Wurfel, Improving solar cell efficiencies 

by down-conversion of high-energy photons. Journal of Applied Physics, 
92 (2002): 1668-1674. 

[6] S. Ye et al., Enhanced cooperative quantum cutting in Tm3+-Yb3+ codoped 

glass ceramics containing LaF3 nanocrystals, Opt. Lett., vol. 16, pp. 
8989-8994 (2008). 

[7] G Lakshminarayana, et al., Co-operative downconversion luminescence 

in Tm3+/Yb3+: SiO2-Al2O3-LiFGdF3glasses , J. Phys. D: Appl. Phys. vol. 
41, pp. 175111-1/6 (2008) 

[8] Q. Zhang et al.,  Quantum Cutting in Tm3+/Yb3+-Codoped Lanthanum 

Aluminum Germanate Glasses ,J. Am. Ceram. Soc., vol. 93, pp. 654-657 
(2010). 

[9] V.D. Rodrıguez, et al., Towards broad range and highly efficient down-

conversion of solar spectrum byEr3+–Yb3+ co-doped nano-structured 

glass-ceramics , Solar Energy Material & Solar Cells, vol. 94,pp.1612-
1617 (2010). 

[10] G. Alombert-Goget, C. Armellini, A. Chiappini, A. Chiasera, M. Ferrari, 
S. Berneschi, M. Brenci, S. Pelli, G. C. Righini, M. Bregoli, A. Maglione, 
G. Pucker, and G. Speranza, Frequency converter layers based on 

terbium and ytterbium activated HfO2 glass-ceramics, Proc. SPIE 7598, 
pp. 75980P–1/9, 2010. doi: 10.1117/12.841907. 

[11] Y. Jestin, N. Afify, C. Armellini, S. Berneschi, S. N. B. Bhaktha, B. 
Boulard, A. Chiappini, A. Chiasera, G. Dalba, C. Duverger, M. Ferrari, 

C. E. Goyes Lopez, M. Mattarelli, M. Montagna, E. Moser, G. Nunzi 
Conti, S. Pelli, G. C. Righini, F. Rocca, Er3+ activated silica-hafnia glass-

ceramics planar waveguides, SPIE 6183, 438-445 (2006). 

[12] Y. Jestin, C. Armellini, A. Chiasera, A. Chiappini, M. Ferrari, E. Moser, 
R. Retoux, G. C. Righini, Low-loss optical Er3+-activated glass-ceramics 

planar waveguides fabricated by bottom-up approach, Appl. Phys. Lett. 
91, 071909-1 – 071909-3 (2007) 

[13] Y. Jestin, C. Armellini, A. Chiappini, A. Chiasera, M. Ferrari, C. Goyes, 
M. Mattarelli, M. Montagna, E. Moser, G.Nunzi Conti, S. Pelli, G.C. 
Righini, and G. Speranza, Erbium activated HfO2-based glass-ceramics 

waveguides for photonics,  J. Non-Cryst. Solids 353, 494-497 (2007). 

[14] D. A. Neumayer and E. Cartier,  Materials characterization of ZrO2-SiO2 

and HfO2-SiO2 binary oxides deposited by chemical solution deposition,J. 
Appl. Phys. 90, 1801-1808 (2001). 

[15] S. Ronchin, A. Chiasera, M. Montagna, R. Rolli, C. Tosello, S. Pelli, G.C. 
Righini, R.R. Gonçalves, S.J.L. Ribeiro, C. De Bernardi, F. Pozzi, C. 
Duverger, R. Belli, and M. Ferrari, SPIE 4282, 31 (2001). 

[16] G. Alombert-Goget, C. Armellini, S. Berneschi, S.N.B. Bhaktha, B. 
Boulard, M. Brenci, A. Chiappini, A. Chiasera, C. Duverger-Arfuso, P. 
Féron, M. Ferrari, R.R. Gonçalves, Y. Jestin, L. Minati, E. Moser, G. 
Nunzi Conti, S. Pelli, D.N. Rao, R. Retoux, G.C. Righini, G. Speranza, 
Er3+- activated photonic structures fabricated by sol-gel and rf-sputtering 

techniques, Proceedings of SPIE Vol. 7366, 73660E-1 – 73660E-15 
(2009). 

[17] N. D Afify, G Dalba1 and F Rocca, XRD and EXAFS studies on the 

structure of Er3+-doped SiO2–HfO2 glass-ceramicwaveguides: Er3+-

activated HfO2 nanocrystals, J. Phys. D: Appl. Phys. 42 (2009) 115416 
(11pp). 

[18] S. Hendy, Light scattering in transparent glass ceramics, Applied 
Physics Letters 81 (7) (2002) 1171–1173. 

[19] P. Vergeer, T. J. H. Vlugt, M. H. F. Kox, M. I. Den Hertog, J. P. J. M. 
van der Eerden, and A. Meijerink, Quantum cutting by cooperative 

energy transfer in YbxY1−xPO4:Tb3+,Phys. Rev. B 71, 014119-1 – 
014119-11 (2005). 

[20] B. M. van der Ende, L. Aarts, and A. Meijerink, Near-Infrared Quantum 

Cutting for Photovoltaics, Advanced Materials 21, 3073-3077 (2009). 

 

 

 

http://www.researchgate.net/researcher/81740315_Michelle_McCann
http://www.researchgate.net/researcher/8321011_Guy_Beaucarne
http://www.researchgate.net/researcher/329411_Vladimir_Arkhipov
http://www.researchgate.net/researcher/5934573_Abdelilah_Slaoui
http://www.researchgate.net/researcher/879522_V_ek
http://www.researchgate.net/researcher/879522_V_ek
http://www.researchgate.net/researcher/33660615_Carlos_del_Canizo
http://www.researchgate.net/researcher/34264735_Ignacio_Tobias
PC2
Texte tapé à la machine
7th International Conference on Control Engineering  &  Information Technology (CEIT-2019)
Proceedings of Engineering and Technology PET

PC2
Texte tapé à la machine
Copyright - 2019
ISSN 1737-9334

PC2
Texte tapé à la machine
Page 104







































Study and design of Microwave oscillator  
For Wi-Fi application 

EL ftouh H. #1, El Bakkali M.#1, Amar T. N.# 1, Zakriti  A.*2, Mchbal A.#1 

#1Department of physics, Laboratory of Information System and Telecommunication,  

Abdelmalek Essaâdi, Tetouan Morocco 

elftouhhanae@hotmail.fr 

Elbakkalimoustapha91@gmail.com 

nai_amar@yahoo.f 

aicha.mchbal8@gmail.com 

*Ensaté 

Abdelmalek Essaâdi, Tetouan Morocco 

zakriti.work@gmail.com 

Abstract— the aim of this paper is to use a new design of a 

negative resistance microwave oscillator in order to fabricate 

oscillator with very good performance. In this study the concept 

of oscillator using distributed resonator and micro -strip circuit 

elements improve performances of our structure. The oscillator 

produces a sinusoidal signal of 1.7V amplitude at 2.4 GHz for 

load impedance of 50 Ω. 

Keywords— Oscillator, Negative resistance oscillator, Resonator 

I. INTRODUCTION 

Oscillator is an electronic device used for the purpose of 
generating a signal. They are often found in computers, 
wireless receivers and transmitters, and audio-frequency 
equipment, and music synthesizers. They provide the signal 
source for all microwave systems, including both transmitters 
and receivers. 

They can be found in any electronic system since (GSM, 
radio communication, spacial communication, radar, 
electronic war and instrumentation) it is up to them to create 
the electrical signal in different frequency ranges. Then the 
quality of any system depends directly on the performance of 
the oscillator. [1] 

A microwave oscillator has four separates blocks: 
Resonator for choosing the frequency of oscillation, a 
transistor (active device) which operates at the desired 
frequency, polarization and instability blocks. The block 
diagram of the microwave oscillator with its different parts is 
shown in Fig.1. [2]  

 
 

Fig. 1. Block diagram of an oscillator. 

II. BIAS NETWORK 

Bias network is a component with three ports.  A low 
frequency port used to inject the polarization, a high 
frequency port, a high frequency port used to inject the 
radiofrequency signal, and a third used as an output where the 
radiofrequency plus Direct courant (DC) signal is recovered 
[3]. 

Fig. 2. Polarization circuit. 

 
Fig. 3. Evolution of S-parameters as a function of frequency 
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Fig. 3 shows the simulation results of S parameters. We can 
observe at 2.4GHz the inverse gain S12 is equal to 0 dB, that 
is to say the signal is transmitted totally S11, with adaptation 
inferior to -50 dB and isolation S13 for about -60 dB. 

III. STUDY OF STABILITY AND RESONATOR 

 
The S-parameter formulation was introduced by Kurokawa, 

Brodway and Hauri which states that: for absolute stability [4], 
two conditions must apply: 

K<1 and B<0 

K and B are respectively the stability factor and 
measurement stability: 

 

 
 

B=1+|S11|
2- |S22|

2-|Δ|2 

 
With   Δ= S22S11- S12 S21 
 
In practice K<1 is taken by the vast microwave community 

as the condition for absolute stability. [4,5] 

 

 
Fig. 4 Frequency response for both of stability factor and stability measure K 

and B respectively 

As shown in Fig. 4, at 2.4 GHz the two conditions are 
satisfied. 

 

Fig. 5 Simulation of S11 parameter 

As shown in Fig.5, the simulation of S11 parameter of the 
proposed resonator is less than -50 dB that shows a very good 
adaptation. This circuit is used mainly to set the desired 
frequency to the load 

IV. GLOBAL TOPOLOGY OF NEGATIVE RESISTANCE OSCILLATOR  

After analysing each block of the oscillator, Fig.6 
shows the final layout of an oscillator capable of 
generating a signal characterized by a frequency of 
2.4 GHz for Wi-Fi application. 

 

 
Fig. 6 Layout of a negative resistance oscillator (4.8x6cm2) 

V. RESULTS AND DISCUSSIONS 

We want to know the performance of our circuit for quality of 
the signal and output power, for that Fig.7 and Fig.8 show 
successively the typical output spectrum of the oscillator and 
the time domain of the output signal. The oscillation 
frequency is 2.4 GHz, Which used for Wi-Fi application. The 
oscillator delivers an output power of 12.297 dBm. 
 

 
Fig. 7 Oscillator output power spectrum  
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Fig. 8 Output signal in time domain of the oscillator at 2.4 GHz  

VI. CONCLUSION 

In this paper we have developed a negative resistance 
oscillator dedicated to Wi-Fi applications. This circuit offers 
unconditional stability and provides output power equal to 
12.297dBm at the resonance frequency of 2.4GHz. This circuit 
has been designed by Advanced Design system simulator (ADS) 
and adjusted by using a theoretical step and optimization tools 
applied on matching impedance, resonator, active device and bias 
networks. 
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Abstract— the general framework of this project is the Lean 

Management, its main objective is to quantify the necessary 

human resources that ensure handling, storage and shipping. 

Then, the standardization of operations and creation of logistics 

procedures, simplifying the physical flow by conducting a study 

of establishing new flow solutions to optimize efficiency of 

logistics human resources. Project management and process 

followed to achieve these missions have allowed achieving the 

predefined objectives and finding solutions to various problems, 

such as achieving logistics cost reduction, improving the interne 

physical flows and the Odette Service Rate. 

 
Keywords— 5G, Lean Management, SMB, R&R, Handling, 

Physical Flow, Standard Work 

I. INTRODUCTION 

A company placed in a competitive environment can only 
survive by fulfilling the complete satisfaction of its customers 
while reducing costs. However, in the face of an increasingly 
demanding customers and increased competition, the 
company must evolve to remain competitive. Therefore, 
flexibility, efficiency and reliability are among the 
determining criteria to guarantee the performance of its 
Supply Chain in order to maintain and conquer shares of the 
automobile market. 

It is in this context that all companies have embarked on a 
project to improve their physical flows and the efficiency of 
their operations, in order to meet their need to grow in 
performance, to align strategically with their vocation and 
reduce logistics costs. Achieving such a goal can only be done 
by removing all the obstacles to performance and productivity. 
That is, chasing away all kinds of waste and making the entire 
value chain Lean. Handling load calculation is one of the most 
complex problems given the variability of the data (input, 
output, internal, volume, cadence flow) and the fact of 
defining this load remains a means of IT decision support in 
order to to decide on the assignment which we treated in our 
article [1] and whose method was quoted briefly. 

The rest of this article is distributed as follows. The first 
part of this work deals with the industrial and problematic 

context, and the second part explains the SMB method and its 
approach. The last part implements the defined approach. 

II. PRESENTATION OF THE PROBLEMATIC AND OBJECTIVES 

A. Problematic and context 

 
The problem addressed is a concrete case of the problems 

encountered every day in the industry in general and the 
automotive industry in particular. Towards the end of this 
article, we need to find an answer to the following question: 

 
- How many forklift operators will we need for handling? 
The answer to this question constitutes the input for the 

allocation problem that we treated in the article [1] The 
problem treated is purely dynamic, since the machine 
cadences change from one shift to another this implies the 
variation of the handling load 

B. Objective 

 
Through this work, we must:  
• For the static case: define the logistics workforce ensuring 
internal handling in a period that we define: equal to a shift,  
 
• For the dynamic case: development of a decision support 
system which enables the handling load of the store / 
workshop to be known at all times. 

III. SMB METHOD AND CHRONO-ANALYSIS 

A. Definition and state of the art 

 

As already dealt with by [1] the problem of calculating the 
logistic handling load is rarely addressed in the literature. 
Below the methods and principle adopted in this article 

 
1) SMB 

La The basic handling standard or SMB is a method which 
aims to define a time allotted for each handling operation used 
to standardize it and measure productivity. This through a 
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breakdown into elementary tasks of any handling or storage 
operation, the basic operating times are obtained thanks to 
universal standardized universal times, or as in our case using 
the Chrono-analysis method, - or timing , which is a method 
of analysis of working time. The purpose of Chrono-analysis 
is to define the production time that can be held by the entire 
active population for a given activity. In our case it is handling. 
Then the increases in these times depending on each handling 
situation (rest coefficient and rolling index). In our case, we 
adapted a purely logistical method to a production workshop 
context and we used it as basic input data for the bin packing 
problem, thus providing the handling load for each production 
machine in dividing the allocated handling time by the 
required time. 

 

2) Chrono Analysais 
It is a method of analysis of working time. The purpose of 

the Chrono-analysis is to define the production time that can 
be held by the entire working population for a given activity. 
In our case it's handling 
 

3) R&R 
 

• Repeatability: the variation of successive measurements 
obtained on the same mesurande under the same conditions;  

 
• Reproducibility: the measurement variation obtained on the 
same mesurande by varying a condition. 

A. Formalization of the problematic 

1) Notation 
We define the following variables:  
 

T.O.B.C: temps timed basic operating time 
    F         : output frequency 
T.O.R     : Real operating time 

           : Driving index 

            :  Course index  
 T.E         : Execution time 

           : Rest coefficient 
T.A          : Allotted time 

            : Engagement rate 
  D            : Distance 
  E            : Logistics workforce 

          : Temps Required time 

 
For each handling activity, we will define the time 
allocated and thus the corresponding handling load: the 
times of our problem are defined as follows: 
 

 T.O.B.C =   x D x F 

 T.O.R = T.O.B.C x (1+   ou )   

  TE  = T.O.R x (1+ ) 

  TA = TE x   

  E =  

 
The resolution process is defined as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Input data: handling activities 
 

Definition of the number of 
observations: Instant 
observation method 

Chrono Analysis: Repeatability 
& Reproducibility 

Decomposition into elementary 
handling tasks 

Definition of operating 
frequencies: 

  Operation in / out for 8h 
  Choice of cadences using 

Boxplot 

Definition of Course and 
driving Index 

Calculation of allocated time 
Calculation of execution time 

Obtaining the handling load 
and the necessary workforce 

 

Yes 

If  

R&R<10% 

Redo the 
timing 

No 

Figure 1 : Resolution process 
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IV. IMPLEMENTATION OF THE METHOD: CASE OF A 

MOROCCAN MULTINATIONAL COMPANY 

B. Input data 

• Handling activities  

• Means of handling  

• Type of operations 

 • Machine output frequency  

• Average distance between two machines 

 

C. Resolution process 

After having identified the various handling operations 
carried out by forklift operators in all production areas, we 
have broken down these tasks into elementary handling and 
movement tasks. 

To take into account the R&R factors, we used the instant 
observation method to define the number of timing operations: 

Let N be the total number of observations to be made, let P 
be the desired Percentage of engagement set at 80%, and S the 
desired precision rate that we set at 45%. 

 
 
 
For each observation, it was necessary to observe all the 

basic operations carried out by the operator for a period fixed 
at 3:30 a.m. per day, from 9:00 a.m. to 11:30 a.m. and from 
2:00 p.m. to 3:30 p.m. 

After the timing, we used the MSA tool on Mini tab to 
validate the timed data. We did a Gage R&R analysis <Cross 
gage R&R> because we conducted a study with 2 operators, 
where each operator performs 5 times 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
We have obtained an Index which is less than 10% 

however our results are reliable. 
 
For the frequency of operations, we used the mustache 

box to see the distributions of all the cadences of the molds 
of a machine, in order to select the Max (median, average) 
since we want to represent the calculation scenario most 
penalizing in terms of handling load:  

 

 
 
After defining the output frequencies, it remains for us to 

define the course and driving indices according to each 
situation: 

• The course indices applicable to the operator's travel 
operations alone 

• The driving indices applicable to the operator's travel 
operations with machine 

The most recurrent are: 
• E: brightness; 
• S: soil defect; 
• D: density of staff; 
• C: Crossing aisles 
 

The next step is to calculate the execution time and the 
time allocated to the operation, setting a commitment rate 
of 85%. Results are as follows: 
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 We note that the handling load between the different 

production areas is not balanced, and there are people 
who have a load greater than 100%, therefore, the 
resolution of the allocation problem is necessary. 

 The number of resources required is 7 people. 
 
 

 For the dynamic case, we have developed an automated 
Excel sheet, "Load calculation" is an application 
developed in Excel, which will allow us, based on the 
SMB analysis sheets already developed and configured, 
to calculate the load operators for each press depending 
on the frequency of output from its molds (output) and its 
position in the factory (distance between zones). All this 
presented with a simple interface which contains three 
headings, distinguishing between the forklift operators of 
production, shipping, and a categorized "other (small 
train, handler ...)". This calculation will be used later to 
feed input data from the forklift truck assignment 
application. The main advantage of this application is to 
provide an instant load of the production island, which is 
a powerful decision support tool, to react if there is an 
excess load or an imbalance at the level of the operator's 
load and make the necessary adjustments so as not to 
have a press stop. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
The output data of the application are:  the handling load, 

the number of forklift operators required and the number of 
hours worked.  

 

V. CONCLUSION & PERSPECTIVES 

 
The complexity of the project lies in the point of modeling 

the situation of the factory physical flow, and the adaptation 
of a purely logistical method (SMB) to a context which is the 
physical flow <flow of finished products>. several variations 
and difficult to master and to be able to quantify the logistical 
labor necessary to ensure both the evacuation and supply tasks 
of the press as well as loading and unloading the Semi-trailers 
for shipment. Despite all these constraints, we have solved the 
problem due to the lack of load calculation. We have been 
able to calculate the manpower necessary to ensure the 
handling activities in the static and dynamic case. Future 
research should revolve around solving the resource allocation 
problem in order to balance the handling load. 
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Figure 5 : Handling calculation interface 
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	This work is an progress to explore the possibility of enhancement silicon based solar cell efficiency using down conversion layer by electrical characterization. The photovoltaic efficiency of cells with and without down-converting (DC) layer ...

