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Abstract

For the conversion of dc to mains ac, a high level of input dc must be supplied, hence comes the application of step up conversion mechanisms. Recently, a lot of dc to dc converters are being implemented whose selection depends mainly upon the low cost, high efficiency, complexity and robustness of the design. The isolated boost converters are becoming much more common for their increased protection of the components and high productivity. The use of high switching frequency and closed-loop feedback mechanism by controlling the PWM plays its role in providing a smooth output and lowers the transformer size. This paper classifies most popular step up conversion topologies according to the desired power rating. Their positives and drawbacks are also discussed in the paper. Finally, a selection among the different topologies is given on the basis of the desired wattage of the system under design. 
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I. Introduction

     Dc-based power line distributions and micro grids provide the most efficient solution in the power industry [1], [2], [3]. For reducing the transmission losses and increasing power efficiency in transmitting energy to far off places, high dc to dc converters are needed [1]. To convert dc value into effectively an AC of peak value 220V, it becomes necessary to convert the lower voltages from 12V etc. to up to 311V (usually 330V including losses), which is the RMS value of 220V ac mains cycle [4]. A high intensity discharge (HID) lamp ballast used in automotive headlamps can be considered as an example where there is a need to up convert the 12V to 400V in order to provide the startup voltage during the steady state operation [5]. High voltage converters are also readily used in X-ray imaging and radio frequency generation etc. [6]. The use of MOSFETs and IGBTs are advantageous in terms of reduced size and dynamic responses [7].
PWM is frequently implemented for effectively controlling the output of the dc-dc converters [8], [9]. But there is a requirement of reducing the switching losses of the MOSFETs being used [8]. 
At present, the size of components has been reduced and hence, the size of dc to dc converters must be minimized too[10]. This is done by raising the frequency of operation and hence reducing the size of the transformer effectively [10]. 
High efficiency is required in order to effectively convert the voltage levels and this can only be achieved by using the appropriate converter topology [7]. Output filters on the other hand, smooth the output waveforms so that they can be easily implemented by the load attached [11].
[bookmark: _GoBack]This paper discusses the different types of topologies that may be implemented to raise a small voltage input, in the minimum range equal to 12V, to a high output voltage values of 330V dc. The different topologies under discussion include the Flyback arrangement, Forward boost converter, Half- Bridge and the Full-Bridge step up converter [12]. This paper conducts a survey on these different topologies given in various journals and conference papers in terms of the output power and efficiency. The full bridge topology is the highly popular and widely used mechanism in dc-dc converters [4].

II. Component Selection

A. Selection of the switching devices

The use of high switching frequencies is desired to achieve smaller size of the transformers and reduce the cost. Usually, IGBTs are preferred for operating at high frequencies and high voltage levels while at comparatively lower voltage levels and frequencies, power MOSFETs are utilized [13]. For low output voltages, synchronous MOSFETs replace the secondary diodes for rectification [12]. The IGBTs have high switching frequencies, high relative gate impedances than the GTOs and have different voltage ranges for their operation [13].  They also increase power density [14]. Hence, they are replacing the GTOs [15]. To select the switching frequency based on the output power for class E, the following graph can be utilized for the FDN361AN [16].
[image: ]
Fig. 1 Normalized device loss for FDN361AN vs Pout
Source: [16]



B. Core Selection
After the selection of the desired switching frequency, the next step is to select the core material for the construction of the transformer [13]. Ferrite cores are most widely used for this operation as they are very small in size and provide high power outputs. The following table1 shows the selection of ferrite cores based on the 20 KHz of switching frequency [13].

TABLE I
 COMPARISON OF CORE MATERIALS AT 20 KHZ. 50 KVA.
SOURCE: [13]

	Core Material
	Bm (Gauss)
	Relative Size
	Cost $/kg
	Relative Cost 

	Amorphous (260553)
                   (2605SC)                                                                                                                                aaaaaaaaa(2714A)
	 2,379
	1.2
	33
	67

	
	1,000
	2.4
	33
	128

	
	4,200
	0.8
	176
	232

	Ferrite           (387)
                      (H7C4)
                      (3C80)
	1,600
	1.3
	2.2
	2.9

	
	2,160
	1.0
	2.2
	2.3

	
	1,700
	1.2
	2.2
	2.8

	Orthonol (0.051mm)
               (0.025mm)
               (0.013mm)
	280
	6.2
	24
	241

	
	650
	3.3
	33
	176

	
	950
	2.5
	42
	169

	Alloy        (0.051mm)
	600
	3.5
	24
	136

	Supermalloy(0.051mm)
                     (0.025mm)
                    (0.013mm)
	2,000
	1.4
	33
	76

	
	2,500
	1.2
	44
	86

	
	2,900
	1.1
	55
	96

	Square Permalloy 80                                                                          h                    (0.051mm)
               (0.025mm)
               (0.013mm)
	
  2,400
	
     1.2
	
   33
	     
     66

	
	2,000
	1 4
	44
	101

	
	2,400
	1.2
	55
	110

	Magnesi
	Low
	large
	
	

	Supermendur
	low
	large
	
	


The cores can also be chosen depending on output needs as given by Magnetics core selection tables [17].

III. Proposed Topologies

There are a number of topologies like non-isolated topologies discussed in [5], [18], step down topologies by considering the buck-flyback topology given in [19] and also some multiple input dc-dc converter topologies in [20] and [21] and most modern of them being the digitally controlled models as described in [22]. However, we are interested in the basic converter configurations as discussed later.

A. Flyback Converter

The flyback arrangement is elaborated in the Fig. 2 [23]. It works on the principle that when the transistor conducts, the diode D1 is reverse biased [23] and no energy flows towards load [24], rather is stored in transformer’s primary windings [23]. 
When the transistor is turned off, the diode forward biases due the referred  magnetizing current to the secondary winding [24]. This stored power is then fed to the load [23]. The flyback arrangement can be made bidirectional by connecting switches at the primary as well as the secondary [25]. The gain of the flyback arrangement [23] is given as:
                 
                                                    (1)
[image: ]
Fig. 2 Basic Flyback Arrangement
Source: [23]

a. Merits & Demerits

The flyback arrangement has been used in power supplies of the televisions and also has been extensively used in the systems of lower wattage (50-100W) [23]. The major positive of using this configuration is the least number of components that are being used in its mechanism and also the simplicity that it provides in the control mechanism [24] [23].

B. Forward Converter

Its basic circuitry is shown by the Fig. 3. An extension to the flyback converter is the forward converter [26]. Here, the increase in efficiency is done by returning the energy stored in transformer to the source [24]. When the transistor is switched on, the output diode D1 is forward biased and the power transfers through filter and finally to load [24]. Hence, power is not stored in transformer [26]. 
On switching the transistor off, the reverse polarity of the transformer causes the diode D1 to be reverse biased and the other two diodes D2 and D3 are forward biased for transferring the power to load through the inductor L [24].
For same turns ratio, the duty cycle is reduced to half (0.5) [23] hence limiting to the range D<=0.5 [23] and in general is given by:
                                                                         (2)                                         
The output voltage [27] becomes:
                (3) 
[image: C:\Users\usama butt\Desktop\400px-Schematic_of_a_forward_converter.png]
Fig. 3 Basic Forward Arrangement
Source: [28]

[image: C:\Users\usama butt\Desktop\halfbrdg.jpg]
Fig. 4  Basic Half Bridge Arrangement
Source: [29]

a. Merits & Demerits
As the transformer does not store energy in this case, therefore, there is a requirement of a minimum load that should always be present at the output so as to compensate a very high output voltage that can accommodate at the capacitor [24]. This topology is used for medium power ranges of below 200W.

C. Half-Bridge Converter
Fig. 4 shows the basic arrangement of half bridge converters [29]. This topology matches the mechanism of two forward converters joined in cascaded form[24]. Capacitors play the role of maintaining the voltage across the primary [30] as the half of the input voltage [24].
There are a total of four modes of operation. Mode1 corresponds to when Q1 is on and Q2 is off, Mode2 corresponds to when both Q1 and Q2 are off, Mode3 when Q1 is off and Q2 is on and finally, Mode4  corresponds to when again both the transistors are off [24]. During the Mode1, the diode D1 conducts only and hence the half “Vp” is transferred to secondary and finally to output [24]. During Mode3, the diode D2 conducts only and hence the half of negative Vp  goes to secondary and finally to output[24]. During Modes2 and 4, the stored magnetizing current flows through output diodes [24].
The output [31] becomes:

                               		         (4)

a. Merits & Demerits
In this case, the duty cycle cannot exceed 50% and this topology is used in power ranges of up to 400W [24]. In comparison to forward converter, output wattage of  half bridge configuration is twice for the same switching devices and ferrite cores because of half primary voltage applied at the MOSFETs effectively [24]. But due to more complexity, the forward or flyback arrangements are preferred for power applications of less than 200W [24]. Also, the half bridge effectively utilises only half of the input ac cycle.

D.Full-Bridge Converter

The final and the most efficient topology under implementation these days is the full-bridge configuration of the dc-dc converters. Fig.5 shows the basic arrangement of this famous topology [24]. Just like the half bridge converter, full bridge configuration also has four modes of operation. The Mode1 corresponds to when 1st and 4th switches are on and 2nd and 3rd ones are in off state, Mode2 corresponds to when each switch is off, Mode3 when 1st and 4th are off and 2nd and 3rd are on and finally, Mode4  corresponds to when again all of the transistors are off [24]. The two pairs of transistors Q1, Q4 and Q2, Q3 are alternatively driven simultaneously [27].
The voltage after being stepped up by the transformer’s turns ratio is then converted to pure dc by rectification and filteration[24]. Fig. 6 shows the typical waveforms of the full-bridge dc-dc configuration. 
During the Mode1, voltage is given by VgDTs. And during the mode3, the total voltage is equal to –VgDTs. Hence the overall applied volt-seconds to the primary equals zero [23]. The output voltage [31] is thus given by: 

         	         (5)

The duty cycle is given by [32]:

              	                          (6) 

a. Merits & Demerits

This topology is useful for very high output power requirement of above 500W and has the most efficient use of the magnetization ferrite core and the MOSFETs being used [23]. The full-bridge uses four MOSFETs as compared to the half bridge configuration and also has twice the output power of the half bridge, where half bridge only utilized half of the effective ac cycle [24]. However, in terms of cost and complexity, full bridge is the most expensive and the complex one to manufacture. The tapped inductor can be used in the output that solves the problem of conduction losses during the freewheeling period [33]. 
[image: ]
Fig.5 Basic Full-Bridge Arrangement
Source: [23]
[image: ]
Fig.6 Typical waveforms of Full-Bridge Arrangement
Source: [23]




IV. Conclusion

The paper reviewed selection of components and surveyed different topologies that help in prototyping the dc- dc step up converters. We studied the basic mechanisms of the most widely used topologies and discussed their merits and demerits. In a nutshell, we come to the conclusion that for low power demands and low cost, we can easily choose the flyback or the forward converters in designing our system. However, this selection comes with greater simplicity but very low efficiency at the output. For higher wattage systems, more complex designs like half bridge or the full bridge configurations must be used. Although these configurations are comparatively expensive and hard to build, these converters provide much greater efficiency, control and effective utilization of the components.
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