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ABSTRACT

The power supplies include DC-DC Converters that as the most important Electromagnetic Interference
(EMI) sources are known. Different types of converters in power and operating frequency are used in
Electrical Power Subsystem (EPS) of Satellite. EMI due to DC-DC Converters, interact on their
performance and other satellite subsystems. The interference may be challenging condition for satellite
missions such as imaging, hears communications with the ground station. A satellite can cease due to
different failures or because it has reached to the end of its lifetime. EPS has must able to provide
sufficient power to the satellite subsystems under all possible satellite attitudes. Therefore, DC-DC
converters used in satellites must have high reliability.

In this paper, a new topology boost converter is suggested that has low EMI level. Furthermore the
proposed converter due to two switches employing, improve reliability. The main feature of the new

converter is a high reliability because there are two power switches.

Key words: AtDC-DC Converters, EMI, Satellite, reliability

INTRODUCTION

This EMI studies will focus on three main parts: the noise source, coupling path and purpose (electrical system
affected by electromagnetic interference that its function is impaired). Most of the reduction of magnetic coupling
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direction or ability on goal has high complexity and implementation costs. Therefore, one of the most effective noise
reduction methods is attention to the noise source [1]. Noise sources are the converters that drastic changes due to
switching function in the electrical parameters (rate of change of voltage and current) causes. This sudden change of
voltage and current noise, are cause of electromagnetic phenomena.

Advances in semiconductor device fabrication technologies have led to increase operating frequency range, power
and power electronics devices. This progress has led to reduce switching losses but on the other side, due to
increased rates of rise and fall of voltage and current at the switching time, electromagnetic noise level is high [2].

Electronic and electrical systems in Electrical Power Subsystem (EPS) of Satellite, they are close together in space are
employed due to limited occupied space. Some of these systems are sensitive to noise generated by other circuits,
which could cause interference to each other's performance. A block diagram of a satellite power system is shown in
Fig. 1. As seen in Fig. 1, the different types of satellite systems are fed from a common DC bus. The penetration noise
on the common DC bus cause to noise possibly interference with other subsystems.

Different methods to overcome EMI result from DC-DC converter are proposed. The first employed switching
method is soft switching. This approach applies not only to overcome the noise but positive impact of soft switching
on noise reduction as an additional advantage of soft switching is considered. Soft switching techniques [3, 4] have
been proposed to 1) reduce the switching losses and 2) reduce the switching stress of switched- mode power
electronics circuit in order to improve the energy efficiency and reliability of power converter. Soft switching
techniques reduce power density of the noise spectral. This method consists of three types of switching: ZVS (zero
voltage switching), ZCS (zero current switching) and ZVZCS (switching at zero current and voltage). The results of
the measurements noise show EMI and other circuit parameters in both hard and soft switching, implies a faster
transient response and less EMI for soft switching method [5]. Soft switching technique can reduce EMI level of buck
converter but soft switching influence on reducing EMI in boost converter type is low [6].Additional elements such as
diodes, capacitors increase cost. This problem in some application such as power system of satellite is not desirable so
spread spectrum frequency modulation (SSFM) pulsating technique proposed. Peak amplitudes of EMI spectrum
reduced and power of peak noise spreads in neighboring frequency bandwithout changing the duty cycle of the
converter [6]. The SSFM methods can be non-periodic or periodic. Applying the switching frequency modulation
methods to a boost converter cause to increase output voltage ripple and the effective reduction of noise levels does
not expected. However, implement of SFM in practice is difficult. To have the advantages of soft switching and
frequency modulation switching, a technique based on the combination of chaotic switching (typical of switching
frequency modulation) and soft switching to reduce EMI resulted from boost converters is presented in [7].

Active and passive filters are other methods for reducing EML.In [8], the influence of switching frequency on
differential and common mode noise filter is discussed. A large proportion of the volume and weight of DC-DC
converters related to passive filters. By increasing power density of converters, the mentioned proportion increase.
The active filters require an additional and independent DC source usually. This is a major disadvantage for this type
of filters.

DC-DC converters used in satellites must have high reliability.Reliability analysis and move toward the use of power
systems with high reliability are essential in satellites [9 and 10]. Because the repair any malfunction in the satellite
system, due to a lack of or hard to access, it is very problematic.In this paper, two power switches under the
particular pattern, are switched until to increase reliability of the converter and EMI spectral density be appropriate.
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Chaotic carrier:

The basic structure on chaotic soft switching is based on a chaotic mapping and sawtooth generation. It is difficult to
obtain such a carrier in a practical circuit. In [7] an applicable and practical real-time chaotic carrier design is
proposed as shown in Fig. 2The n.th saw tooth signal can be determined by following mapping:

T =x,BT.+T.,x, €[-11], B €[0,1) (1)
Where T is the main frequency of switch which is a constant X, is the n.th output of chaotic mapping and { is a
modulation factor. As an example, the chaotic sequence X,, can be generated by the logic mapping, which is
described in equation 2.

F(x,)=1-ax (@
Hard, Soft, Chaotic-Soft Switching:
The circuit of soft switching PWM Boost converter is shown in Fig. 4. For hard switching appearance of L4 ,5; ,[4
.5 is sufficient. L 5, L z<<Ly C1<<C5 in choosing inductance L -,L 3 capacity of €y must be considered. Seven
different modes based on principle of soft switching is possible for Boost converter. 12=10V, L, = 0.6mH,

7 =10uF, R =200Q, I,.. - = 1A and

T.=100khz. For the soft switching control, is assumed L , = L-=10uH,

', = 10nF, while the component L ,,L 5, £, , D and I, are not necessary for hard switching PWM control. [
maximum amplitude of carrier signal is 2.5.

=1A,

ref

Comparing the noise spectrum of various converters is appropriate for better study of EMI. Firstly, hard switching
boost converter is simulated. Output voltage and input current by spectrum analyze of input current is shown in Figs
5, 6, 7. To obtain the spectrum of electromagnetic noise, with sampling time of simulation file consideration, Fourier
analysis has been used with suitable equations.

The vertical axis in terms of dB and the horizontal axis is logarithmic in terms of kHz.According to Fig.7, the peaks
appearance in the frequency spectrum in the switching frequency (one hundreds kHz) and its multiples. These peaks
values are high that cause to inject noisy current into common DC bus. Soft switching is applied in order to reduce
losses and EMI, but according to the concept discussed in previous section, soft switching does not have effective
impact on EMI reduction. Therefore, display of results of soft switching type is avoided. A combination of soft and
chaotic switching for simulation is used. Simulation results shown in Figs. 8,9,10 that show output voltage, input
current of converter, frequency spectrum of input current. Although chaotic switching as an offline type is
implemented.

The simulation results show the output voltage waveform is not changed and there will be not problems in load
performance. Ripple of input current of converter increase slightly. In contrast, there is no other trace of peaks in the
frequency spectrum of the input current and peak energy in the frequency spectrum in adjacent bands spread. If on-
line chaotic switching simulate, spread of noise will occur better.
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Because of ripple of input current increment, spectrum level has risen. Spectrums of input current for both of soft
switching and hard switching are shown in Fig. 8 with together. The blue spectrum and red spectrum related to soft
switching and hard switching respectively.

The proposed converter:

The proposed converter circuit shown in Figure 11, has two switches (S and S1) is. A Switch S1 is series with a small
inductance that its value is10071/1. The source voltage is ten volts, outputcapacitor value is C = 10uF and inductor
value isL4 = 0.6mH. Unlike previous switchingmodes, the value of{,.¢= 0.12A. The manner of pulsating waveform

can be seen in Figure 12.

When this method is used in the proposed switching converters, the input current is less than the reference the
converter and so the current reference will be oscillations less.

In fact, with known power of output load, average current of load is determined and so its value as a reference
current is considered.

By implementing this switching method of converters, input current ripple as compared to previous switching
methods, reduced but setting time of output voltage increased.

The main feature of the new converter is a high reliability because there are two power switches. In this converter,
each switch with correspond to pulsating order of itself can supply the load. If each switch fails, the proposed
converter can so supply the load. Due to EMI spectrum reduction, the proposed converter has suitable noisy situation
in compared to previous converter. High frequency components of the input current are lower than the hard
switching. The low frequency components of input current is lower than in compared to hard switching and chaotic
switching type. The proposed switching pattern can be implemented as analog and digital form.

Analyze of reliability:
The reliability R is expressed by the following equation:
Rit) = e7™(3)
Where A is the failure rate and has a constant value. The Mathematical mean of & ::1":'.! occurs at t, as follows:
£ =)
A
Heret is the amount of time that should elapse until the first failure occurs. This is called the Mean Time to Failure

(MTTE). The Mean Time to Repair (MT TR) of the system is negligible compared to MTTF, so the Mean Time
Between Failure (M TEF) of a system is expressed by the following equation:

MTBF = MTTF+ MTTR = §(5)
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Each switch leg is divided into two subsystems: switch s, and switch s1. Only when all Switches in two phases are
faulted, will the whole system fail. Since inductors’ failure rates are much lower than those of semiconductors and
electrolytic capacitors, their failures are not considered. The failure rate of switch can be calculated by [11].

(A 1) is of the switch is constant and equal to 0.012.7T 1 Is the temperature factor and is calculated by using (7) for the
switch.

Fl

Tres) = exp [:—1925 [ o ))(7)

Ty+273 238

Where'f:, is the junction temperature and can be determined by the (8), as follows:

T; = Tc + 8;cRoss(8)

Where T is the heat sink temperature, 5. is the thermal resistance of the switch or diode, and P, 5 =< is total loss of
switch or diode.

The quality factor (;IQ) and environment factor (7Tz) of different elements are listed in [12] 7, and 7T~ are the

application factor and contact construction factor, respectively. They can be determined for different elements by
using Tables in [11];

D, ooslstatic) = Irms.Veelsat)©)
P;ossldynamic) = Vavg.lavg. tol.Fs(10)

P,,:- = Piossistatic) + Ppags(dynamic)(1l)

b

Since the value ofE‘Tc P, g ssfor each switch be very smaller thanT ¢, T'f for each switch will be same.
A, = 0012,y =5.5,m; = 0.5
Bopyr = 128w = m, = 1.5
Ap(switch) = M TQmMaTe T

Apier) X AP =1
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A 22

Pitotal) =

MTEF = MTTF+ MTTR =

e

The reliability that related to switch leg has doubled approximately.

CONCLUSION

In this paper, according to reliability and EMI issues of EPS of Satellite, a new strategy based on a new switching
pattern. Firstly, hard switching is investigated and so soft-chaotic switching is simulated. The tendency the use of the
proposed converter due to high EMI level of hard switching, difficulty in implementing chaotic switching method,
and the entailment of high reliability converters produced. The proposed convert can be suitable replicable converter
instead of boost converter.
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Figl. A NASA satellite power system
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ABSTRACT

Achieving laser threshold in organic laser diodes by using electrical pumping has been remained a great
challenge. Besides all of the great features in these lasers, using optical pumping causes extra costs, so
researchers attempt to find suitable material for active layer in order to minimize losses and achieve
lasing by electrical pumping. In this paper, a review on two of the most important losses, bimolecular
annihilation processes and field-induced exciton dissociation, in electrically pumped organic laser diodes
is provided. Then a material which, provides low losses, is proposed for active layer. The losses analysis
and choosing the material are done by using numerical simulations. In this study, popular models have
been used to describe losses and doing numerical simulations to provide a comprehensive review on the
reasons why lasing in electrical pumping has not been achieved yet. Therefore, researchers have the
opportunity to study most reasons all at once.

Key words: Organic laser diode, electrical pumping, polaron, loss, photon absorption

INTRODUCTION

Organic laser diodes have been realized more than a decade [1-3]. They have many applications due to their specific
properties (such as flexibility, low cost, tunability all over the visible light, etc). There are two kinds of excitation in
order to achieve optical gain in these lasers, including optical pumping and electrical pumping. In optical pumping,
additional pump sources, mostly inorganic, are used while in electrical pumping to achieve population inversion and
consequently optical gain, charge injection will be used. Optical pumping is a high costs excitation method because of
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an additional pump source is used in this method. On the other hand, electrical pumping is more popular and plenty
research has been conducted in this regard recently, but its organic laser diodes have not been realized yet [4-7]. One
reason is different loss processes that happen during electrical pumping and prevent achieving lasing threshold.

As previously discussed, organic semiconductors have many good properties [8]. But they have their own problems
such as low charge carrier mobility which makes high current density and electric field necessary to achieve laser
operation. In addition, an increase in electric field and current density causes loss processes like bimolecular
annihilation and field-induced exciton dissociation. Other losses are photon absorption by polarons and triplet
excitons, cathode absorption, etc. These reasons are why electrical pumping has not been realized yet.

Threshold current density in organic laser diodes is about 1 kA/cm2. Therefore current density in orders of kA/cm? is
needed for pumping over threshold which means high particle densities. To achieve this current density, particle
densities around 10 kA/cm? and electric fields about 107 VV/cm are necessary. So, bimolecular annihilation (BA) and
field quenching (FQ) will appear. In this article, these loss processes will be simulated (by MATLAB) and their effects
on exciton densities will be shown. It is noticeable that all of the simulations are done for a laser with host-guest
Algs/DCM system for active layer.

First, these losses will be studied and presented by the mathematical relations and the numerical simulation results.
Finally, a material will be chosen according to the simulation results.

Theoretical analysis

As discussed earlier, achieving lasing in organic laser diodes which are using electrical pumping has not been
realized due to some loss processes. In this paper, two important losses will be studied. In this section bimolecular
annihilation processes and field quenching are studied by using popular modeling.

Bimolecular annihilation

Bimolecular annihilation processes are part of loss processes that occur in high excitation and make electrical
pumping impossible. These processes occur between two particles; along this process the energy of one particle
(charge carrier, polaron or exciton) transfers to another. Therefore the first particle will relax to ground
excitonic/polaronic state and the second one will be excited to the higher energy states and then relaxes to a lower
state [9,10]. Therefore each BA processes includes two particles and so the effective annihilation rate depends on
multiplication of two particle densities, so these processes are important at high excitation where there are high
densities. But in organic lasers high particle densities are needed (10 kA/cm?) to achieve threshold and at this range
of density bimolecular annihilation processes become important. There are six kinds of bimolecular annihilations that
usually matter, singlet-singlet annihilation (SSA), singlet-polaron annihilation (SPA), singlet-triplet annihilation
(STA), triplet-polaron annihilation (TPA), triplet-triplet annihilation (TTA), intersystem crossing (I1SC).

Most of the BA processes have negative effect on singlet exciton densities, which are responsible for optical gain.
Therefore, it is expected that these processes would have significant effect on lasing threshold. The effect of BA on
singlet exciton densities is demonstrated by [11],

n51
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Where £ is the probability of generating singlet excitons (£=0.25 for singlet exciton [10]), ns: is singlet exciton
densities, nr1 is triplet exciton densities and ne and nn are electron and hole densities, respectively. In Eq. (1), the "k"
parameters in each term show the rate coefficient of the BA process (e.g. ksea shows the rate coefficient of singlet-
polaron annihilation). Standard rate coefficients and rate coefficients that are measured for some materials are shown
in table 1 [9,10,12-16]. According to table 1, it is obvious that all of the rate coefficients have not been measured for a
material. By considering Eq. (1), it can be understood which BA processes play roll in singlet exciton densities and if
they are increasing the density or decreasing it (e.g. SSA is decreasing the density because of the negative sign). By
using this equation in simulations, the effect of each annihilation process and its rate coefficient on singlet exciton
densities can be recognized.

Triplet excitons create additional absorption states and decrease optical gain. Therefore the effects of BA on triplet
exciton densities should be considered. The effect of BA processes on triplet exciton densities has been stated by
following equation [11]

on
“lga = HL=E)kssan — L+ S)krman; —krea(ne +nu)n;

ot @

+Kiscng,

Where, ksra is SPA rate coefficient. According to Eq. (2), TTA and TPA will decrease triplet excitons in semiconductor
but during SSA and ISC, triplet excitons will be generated.

In both Eq. (1) and Eg. (2), some terms increase exciton densities and some terms decrease them. It is obvious that
increase and decrease in exciton densities depends on rate coefficients, so the active material is very important.

Field quenching

Binding energy in singlet excitons is about 0.2 eV up to 1 eV and in triplet excitons is about 0.4 eV up to 1.6 eV [18-
28]. So, excitons are stable at room tempreture. When an electric field (higher than 10 VV/cm [29]) is applied, it will
overcome the binding energy and excitons will dissociate to charge carriers. Besides organic semiconductors have
low charge carrier mobilities. Therefore an electric field about 107 V/cm is necessary to achieve current density
around 1 kA/cm? (threshold current density in organic laser diodes). Studies show photoluminescence efficiency
would decrease up to 90% in presence of electric field, which is a proof that excitons will dissociate in high electric
field. This process will lead to high threshold and it can be a loss channel.

There are three models that have been using more than others to describe this process including 1 dimensional Poole-
Frenkel theory, 3 dimensional Poole-Frenkel theory and Onsager theory. In this article, simulations are done based on
Onsager theory, the most popular one. According to this theory, rate equation that describes exciton dissociation to
charge carriers, is [28]
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Where e , pn are electron and hole mobilities, respectively. o and er are dielectric constant of vacuum and relative
dielectric constant, T is temperature and k is Boltzmann constant. Eos: and Eom: are the binding energies of singlet and
triplet excitons, respectively and a, b are defined as follow

3
_ e’ F
- 87[808rszT2 @
2
€ 5)

Ar Eo0lr Eo,sl,Tl

AlsoJ is afirst order Bessel function and can be calculated from below equation

. 0.5 2 3 4 5 6
NPT i I S A ©)

J2(-b)p5 3 718 7180 ' 2700 ' 56700 ' "

This equation is written for b<3, but when F=5x104 VV/cm, b become bigger than 3 so J will be calculated by

3 15 105 K

- - ~.}
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According to these equations, exciton densities depend on electrical field and exciton binding energy. The effect of
FQ on exciton densities and the effect of electrical field on the densities are shown by numerical simulations in next
section.

SIMULATION RESULTS

According to theoretical analysis, the simulation results are discussed in this section. At first, the BA effect on singlet
and triplet exitons will be studied (Fig. 1) then the effect of rate coefficients will be discussed (Fig. 2). After that, the
effect of BA processes will be compared for some materials (Fig. 3). Next, the effect of FQ on exciton densities
according to Onsager theory (Fig. 4) and the effect of electrical field will be demonstrated (Fig. 5). Rate coefficients in
table (1) and standard amounts for other parameters have been used in simulations.

In Fig. 1, the effect of BA on singlet excitons and triplet excitons is shown. According to this figure, the reduction of
singlet excitons is so much higher than triplet excitons. Also, triplet exciton density is increased at first then the effect
of other processes (TTA and TPA) overcome SSA and ISC, so bimolecular annihilation processes not only decrease
singlet excitons but also some of them increase triplet excitons and cause additional absorption states. It can be
understand that increase or decrease in singlet and specially triplet exciton densities depends on active material rate
coefficients, although rate coefficients have not been found for lots of organic materials.
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Fig. 2, shows the effect of rate coefficients and compare them together. According to this figure, the amount of the
diagrams for SP, SS and ST annihilations are negative, which means the slope of singlet exciton rate diagram is
negative, which means singlet density is decreasing. By increasing these rate coefficients the reduction of singlet
excitons will increase, because the slope of these three diagrams is negative, that means singlet rate diagrams will
decrease more for higher coefficients. But TTA is positive, that means the slope of singlet rate is positive, so it's
increasing. Also diagram slope is positive that means an increase in krra leads to increase in singlet excitons.
Therefore it can be understand that three SP, SS and ST annihilations result reduction in singlet exciton densities and
increasing their rate coefficients leads to more reduction, but TTA results increase in singlet rate and increasing its
rate coefficient leads to increase in singlet exciton densities. Also, according to simulations the effect of SPA on
singlet exciton densities is more than other annihilations.

As it was expected, most of BA processes diminish singlet excitons and so they diminish optical gain. Hence,
bimolecular annihilation processes are one of the loss channels that cause unrealization of electronic pumped organic
laser diodes.

In Fig. 3 and Fig. 4, the effect of annihilation processes on singlet and triplet excitons for four materials is
demonstrated, respectively. Rate coefficients in table (1) are used for simulations, but all the coefficients have not
been measured for any material, instead standard rate coefficients are used.

According to these figures Algs will be a good candidate for gain medium, the deduction of singlet excitons is
minimum for this material, also triplet exciton density is less than other materials. LPPP would be second candidate
for active layer and at the end PFO can be used, because of significant increase in triplet exciton density.

By using Eqg. (3) for simulations Fig. 5, would be resulted. It's obvious that this process decrease both singlet and
triplet exciton densities. The reduction in singlet excitons is more significant, which means deduction of laser gain.

As mentioned before, this process is due to electric field and by increasing the electric field, decrease in densities is
expected. The results of increasing electric field are shown in Fig. 6 and Fig. 7.

It can be resulted that by increasing the electric field both singlet and triplet exciton densities will decrease, as it was
expected. The reduction of exciton densities is more for higher fields. This process effect can be decrease if the gain
medium with high binding energy is used. In this case Algs can be a good choice too, because standard binding
energy for singlet excitons is 0.4 /eV while this parameter for Algs is 1.4 /eV, which means less singlet excitons will be
dissociated during this process for lasers with Algs as gain medium.

CONCLUSIONS

There are two kinds of optical and electrical pumping for organic laser diodes. Optical pumping has been realized yet
and achieving lasing in electrical pumping is not realized because of high losses (like BA, FQ, etc). Besides an extra
pump source in optical pumping is needed which is inorganic. Therefore system cost will increase significantly. It is
noticeable that this issue will limit some applications in organic laser diodes. Therefore to achieve organic lasers with
expected features and low cost, electrical pumping should be considered (in this case there would be no need to extra
pump source). Using electrical pumping is challenging because of loss processes such as bimolecular annihilation,
field-induced exciton dissociation, polaron absorption, triplet exciton absorption and electrode losses. Low charge
carrier mobility in organic semiconductors is the reason of all the losses. As consequent, high current densities will be
needed to achieve lasing, which needs high carrier densities and high electric fields. But the losses will become
important at high densities and cause high threshold.
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In this paper, two most important losses were studied in order to find solutions which may decrease the losses. The
soltions will help to decrease system cost by using electrical pumping indirectly to help optical pumping. According
to the simulations, it can be understand that bimolecular annihilation processes are the total reason of reduction in
singlet exciton density and optical gain. In addition, these processes cause an increase in triplet exciton densities and
as a result, absorption losses. The results revealed that Algs would be a suitable medium through considering BA
losses in a way electrical pumping can help optical pumping and lasing threshold will decrease even a little. Binding
energy for this material is also higher than others. Therefore FQ loss processes will be lower in this case.
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