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Abstract—Single winding self-driven synchronous rectification interleaved synchronous Buck, they are also an interesting so-
(SWSDSR)approach is a new driving circuit that overcomes |ytion since input voltage is higher.
the limitations of the traditional driving schemes, becoming —\yhan topologies with transformer are used in these applica-
an interesting alternative to supply new electronic loads as . fh . . is h drive th
microprocessors. Traditional self-driven synchronous rectification 10NS, One of the more important issues is how to drive the syn-
(SDSR technique has shown very good performance to improve chronous rectifiers (SRS) This paper presents a new self-driven
efficiency and thermal management in low-voltage low-power synchronous rectification (SDSR) scheme very interesting for
dc/dc converters, however it can not be extended to the new fast the new low voltage, fast dynamic specifications, it is the single

dynamic, very low voltage applications. P o e )
SWSDSRscheme is based on an additional winding in the power \grlggg;]g self-driven synchronous rectification (SWSDSR) ap

transformer (auxiliary winding). It allows for maintaining the syn- - ]
chronous rectifiers (SRs) on even when the voltage in the trans-  Traditional SDSR scheme has been successfully used in

former is zero, which is impossible to do in traditional self-driven 3.3 V output voltage applications [4]-[9] where the transformer
_approaclzhes. Ilt also ma||<_es POSSi?‘;t\‘; d”IVe properly the SRs evenjs ynsymmetrically driven. However, it is not recommended
in very low voltage applications, 1.5 V or less. ; : - - :
Coupling of the windings strongly affects the performance of the n .topologles where the transformer is symmetrlcally_ driven
SWSDSRechnique. The influence of the coupling between the dif- (Fig. 1) because transformer voltage presents dead times and
ferent windings is analyzed through simulations of different trans- SRs are off during these times, flowing the output current
formers designed for the same application. Models of transformers through the body or external diodes.
are generated with a finite element analysis (FEA) tool. Goodness o, the other hand. the new dynamic response specifications
of the SWSDSR scheme is validated t_hrough _eXpe“memal results. lead to use topologies that drive symmetrically the transformer
Index Terms—DC-DC converters, high efficiency, low voltage. [10] and [11] as Half Bridge, Push Pull, etc. The dynamic re-
sponse of topologies that drive unsymmetrically the transformer
|. INTRODUCTION is worst since there is a risk of saturating the transformer during
oads d q | | the load steps. Thanks to the proposed SWSDSR approach, SRs
N EVIV ELEC3T?I)?\O/N1IC5 \(/)alsz Veman S Ver>|’| ow supfp Yan be properly driven in those topologies with a better dynamic
voltages (3.3 V, 1.5V, 1.2V, etc.) as well as very asrtesponse (half bridge, push pull). This new scheme is based on

power conyerters capable of regulating properly the SUP% additional winding of the power transformer and keeps both
voltage during load steps [1]. Low supply voltage means low ép g o, even when the voltage in the transformer is zero.

ficiency of the power supply due to the semiconductors voItage-I-hiS new scheme is very promising for low output voltage

drc_)p_s. Synchronous Rectification is hecessary to achieve h@&Jlications but its performance is highly dependent on cou-
efficiency in these low output voltage apphcatlons [2]'_ ling among all the windings (primary secondary and auxiliary).
When the load steps are very aggressive, Interleaving of Sg¥g ,ence of the main parameters is analyzed theoretically and
era] synchronous Buck converters [3] is probab!y one of the b?ﬁFough simulations. Different transformers with different in-
options to supply these new loads. In fact, 4-interleaved Syeayed structures are designed and compared in a half bridge
chronous Buck is becoming widely used to supply the new Migerter with SWSDSR. Transformers are modeled using a fi-
CTOProcessors. Main d_rawback_s of synchronous Buck denvmiie element analysis (FEA) tool [12], [13] and the whole power
s_oluthns are relate(_j with the_hlgh cgrrents needed 6_“ the 'n@%ﬁge is simulated to study the influence of the windings cou-
since |_nput voltage IS I(_)W’ which mainly affects the size of thSling on the performance of this topology. Simulation results
input filter and the efficiency of the whole power system. [gf;e compared and validated with experimental results. Two pro-

Topologies with transformer are another alternative t0 SupRlyy hes have been tested to validate the applicability of this new
low voltage loads. Although the dynamic response achieva ﬁving scheme

with these topologies can be no so good as the reached by the
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" » Theoretically, all the energy stored in one capacitance is
- UL = | \PRET transferred to the other, reducing the driving losses.
— ¥ s i =4 | M || § P » Moreover, and probably most important, if there are dead
 pm "1 _ : [Pt [ times in the voltage waveform of the power transformer,

both SRs conduct during these times (Fig. 2). This is again
because any discharge of one MOSFET means a charge of
1T the other, being both gate capacitances charge at the same
o voltage while the transformer voltage is zero. Although
& Transfoemer the gate voltage during this time is half of the maximum
Waltage ad fime voltage, the new low on-resistance MOSFETSs are fully on
at both levels.
¥ This new self-driven scheme works properly only if the
transformer voltage is symmetrical because energy handled by
i _ _ , L gach parasitic capacitance has to be the same. Hence, this new
g. 1. Half bridge topology with self-driven synchronous rectification an . . . .
corresponding transformer voltage. Sscheme is applicable to any topology that drives symmetrically
the transformer (push—pull, half bridge, etc.) even for a wide
input voltage range. It is also applicable to forward with active

with forward [5]{8] and half bridge with complementary con¢jamp and half bridge with complementary control only if the
trol [9] topologies. Fig. 1 shows the half bridge topology withy,ty cycle is 50%.

the traditionalSDSRscheme; the power transformer drives the performance of this circuit is highly dependent on the
SRgsy means of the secondary winding. However, when outpgdupling among the windings. When one SR is off, the diode
voltage is lower (1.5V, 1 V,..), auxiliary windings are nec- petween gate and source must clamp its gate voltage around
essary to drive efficiently the SRs since the secondary windingy g v, However, if auxiliary winding is not well coupled,
would drive the SRs with a very low voltage. The traditionaéate voltage of th&Rcan be slightly positive instead of being
SDSR scheme with auxiliary windings presents two disadvaaamped to—0.6 V. This unbalance can lead to keep the SRs
tages: on when they should be off, especially if MOSFETSs have a low
+ both auxiliary windings have to be very well coupled withthreshold voltage. It is partially solved connecting equalizing
the secondary winding, complicating the design of thesistors of high ohmic value between gate and source, as

transformer; shown in Fig. 3. Anyway, this unbalance can be avoided in
+ gate-source voltagé/(;s) is negative when the device isthe design of the transformer, guaranteeing a good coupling
off, increasing the driving losses. between the auxiliary winding and the rest of windings. In the

The main drawback of the traditional SDSR scheme, with #llowing sections, the influence of the main parameters of this
without auxiliary windings, is that SRs are off when transformaiircuit is analyzed theoretically and through simulations.
voltage is zero (Fig. 1), flowing the output current through the
body diodes. Therefore, the traditional SDSR schemes are more
appropriate in topologies with fast transitions in the transformer IV. TESTBENCHCONVERTER
voltage (from negative to positive and viceversa). Traditional
SDSR schemes are highly efficient in topologies as forward with To analyze the influence of the main parameters on the per-
active clamp, half bridge with complementary control, etc. bifermance of the single winding self-driven synchronous recti-
not in other topologies where the transformer voltage presefigation technigue, a low-voltage converter has been simulated
dead times (half bridge, push pull, etc.). and actually tested with different transformers. Itis a half bridge
topology with SWSDSR (Fig. 3). Main specifications of the pro-
totype are shown in Table I. The prototype is built on a standard
multilayer PCB (12 layers). Copper thickness isuf@ and in-
sulator thickness is 170m.

The Single Winding Self-Driven Synchronous Rectification The prototype uses a low profile transformer (EE18 core) in-
scheme, shown in Fig. 2, consists on an additional winding tsfgrated in the multilayer PCB. The turnsratiois{8 1 : 4). In-
the transformer connected to the gates of both SRs and dedeaving techniques are used in order to improve the coupling
diode paralleled between the gate and the source of each S®gong the windings. The four windings of the transformer are
The whole voltage of the auxiliary winding is applied to theshown in Fig. 3: there is one primary winding (PRIM), two sec-
gate-source of the SRs that is conducting while the gate-souarelary windings (SEC1 and SEC2), and one auxiliary winding
voltage of the SR that should be off is clamped-1@.6 V by the (AUX) that is used to drive the Synchronous Rectifiers.
corresponding diode. Therefore, gate-source voltage is roughlyThe prototype has been tested with two planar transformers:
zero when the SR is off. Transformer A and Transformer B (Fig. 4). The magnetic core

When a transition in the transformer voltage occurs, the saifieE18) and the PCB technology are the same for both trans-
current flows through both parasitic capacitances of the SRermers. Transformer A has an additional winding on the right,
charging one while discharges the other. Thanks to this faathich is used to generate the auxiliary voltage in the real con-
SWSDSR scheme presents two important advantages: verter. Interleaving techniques have been used in both trans-

I1l. SINGLE WINDING SELF-DRIVEN SYNCHRONOUS
RECTIFICATION APPROACH
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Fig. 2. SWSDSR scheme and corresponding voltage waveforms.

] , Fig. 5 also shows that using the bad-coupled auxiliary
141 winding (Transformer A)V¢s is slightly positive (1 V) when
! o —l TV° loas the corresponding switch has to be off. However, when the
J’;_— SEC2 G, J auxiliary winding is well coupled (Transformer B), the circuit
PRIM ~n works properly and/gs is —1 V because the diode clamps the
' voltage. In the next section, this behavior is analyzed.

4 — G
=  _I5 sec1J1

J1I V. INFLUENCE OFMAIN PARAMETERS
& Coupling between auxiliary and primary windings affects
strongly the performance of this circuit. In this section, the
s influence of this coupling as well as the influence of other
; parameters (parallel resistors, gate parasitic capacitargepf
G, etc.) on the goodness of this circuit are analyzed theoretically

and validated with experimental results.
Fig. 3. Half bridge topology with single winding self-driven synchronous As explained, if auxiliary winding is not well coupled, there
rectification (SWSDSR). exists some risk of switching on tiRsvhen they should be off.
In order to understand this problem, a simplified circuit is ana-

SPECS OF TH?ESLTEBE,LCHCONVERTER lyzed (Fig. 6). The transformer is represented as an ideal pulse
voltage source, with a series resistty and a series inductance
Input voltage range 36V-72V L that models the coupling between the primary and the auxil-
iary winding.
Qutput voltage BV In case of a bad coupling, the value of the inductance is high,
Output power 15w and the transition of the gate voltage could be as shown in Fig. 7.
Dimensions 50 mmm 30 mm x10 mm During the transition, a resonance between the Ieakage.induc-
tance and gate capacitances takes place. Due to the high fre-
Switching frequency 100 kHz guency of the resonance, the diode has no time to clamp the
Maximum efficiency 37 % voltage (time interval A, in the same figure), and the voltage
can be positive, charging partially the gate when the MOSFET
should be off.
formers, however, it is clear that Transformer B has a better in-Assuming that gate parasitic capacitance, C, of [&Rsis
terleaving than Transformer A. the same and it is constant, the study of the resonant transi-

Transformer A has a bad auxiliary—primary coupling, theon can be done with the equivalent circuit shown in Fig. 8.
short circuit inductance measured between the auxiliary ambe resistoRp is the resistor connected in parallel with the
primary windings is around 140 nH at 150 kHz. HowevelSRs The voltage sourc¥y is the step voltage that imposes the
Transformer B has a good auxiliary—primary coupling, thpower transformer when a MOSFET of primary is switched on.
short circuit inductance is around 30 nH at 150 kHz. Using this equivalent circuit allows a simplified analysis in a

Fig. 5 shows the gate-source voltage waveforms ofSRe first approach, but it describes very well the influence of each
measured with both transformers. As expected, MOSFETs g@arameter. Conclusions obtained with this analysis are validated
on even during the dead times. through experimental results.
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Fig. 4. Interleaved structure of transformers actually tested: (a) Transformer A and (b) Transformer B.
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Fig. 5. Measured’ ;s waveforms when the auxiliary winding is bad coupled (Transformer A) and well coupled (Transformer B) (5 \//didi\Z).
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Fig. 8. Equivalent circuit for the analysis of the resonant transition.
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Fig. 7. Resonant transition &fgs due to a bad coupling. wg =wn\/1—¢2 ®)

Typical values foil., Rs, Rp, andC in switching dc/dc power
Circuit of Fig. 8 is a standard second-order system, whichdgipplies make the system underdampee: (¢ < 1) and there
analyzed in [14]. Oscillation of the capacitance voltage is gived a risk of wrong operation because gate voltage oscillates. If
by the system is overdampedl £ 1), there will not be oscillations
and the diode will clamp the gate voltage.

e ¢t sin(w t)] (1) Theoretically, the system can be easily overdamped by means

Vi@

uc(t) =Vp-k-|1- . . A . .
of increasing the series resisi®g. However, it can not be done
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because charge and discharge of input capacitances is slower,  Tek#- spevey Swmwie |

shifting gate pulses, and switching (on and @frslater than : o

they should. For example, using Transformer A the system is PR
underdamped but it becomes overdampee-(1.14) if the se- : ___,' ! ! -1V )

ries resistor is increase§ = 15 €2). Although driving wave- , *_f y f_ ¢

forms are good because they do not oscillate and diode clamps
the voltage to-1 V (Fig. 9), circuit can not be overdamped be-
cause gate pulses are delayed, causing a malfunctioning of the
power topology. .M}\ f b
The system will be underdamped in the majority of con- / f“’

verters, howeveBRscan be driven correctly, if oscillations are
quickly damped. Hence, the damping constgnt«,,) should
be as high as possible:

|
|

CHYSI00 VT CHE TR oY AT R

Fig. 9. Measured/gs at both SRs with Transformer A aiitk = 15 2 (5
1 1 n Rg ) V/div, 1 ps/div).
C-R, L

The value of the damping constant depends mainly on the Vaﬁjoenverter may even miss-operate if the synchronous rectifiers

of the leakage inductancé&). Reducing the parametetsand are not tuned on and off at the right times.

Rp improve the behavior of the circuit, however it has less in- The three couplings auxiliary—primary, primary—secondary

fluence on the damping constant as well as on the operationagtd secondary—auxiliary are very critical but some questions

the circuit than the leakage inductante does. come out when a transformer for a SWSDSR application is de-

Besides, the number of MOSFETS in parallel required tsoigned: Is there any coupling that can be worsened to improve

handle the output current limits the reduction@fThe reduc- others? Should one of the couplings be prior? if one should,

tion of Rp increases the losses in this resistance, this ress%r?mh one? These are the questions that we try to answer in this

. L - section.
helps to improve the circuit but it is not the key parameter. L
Since the most important parameter is the leakage inductanc!s:Our transformers (Transformer B, C, D, and E) with different

(L), a good coupling between the auxiliary and the primarl l?ﬁrlea_\r/lhng arre caomipireddttobanalyzdeirt_]ht?]|ntfluttagc§ %f th(navcc;?—r
windings is mandatory for a proper operation of the circuit. I gs. 1hey are desighed o be use € testbench converter.

fluence of this coupling is clearly shown with the different be- ence, the magnedic core (EElB) _and the .PCB technok_)gy IS
havior of the circuit with Transformer A and Transformer B. Th(l.‘he same f_or all of them, being the_ interleaving the only differ-
circuit behaves properly with Transformer B since the auxiliari/]ncg' The interleaving of the cpn3|dered transformers is shown
winding is well coupled: damping constant is aro@toS s in Fig. 4 (Transformer B) and Fig. 10 (Transform.er C,Dand E).
However, when it is worse coupled (Transformer A), oscilla: Allthe trgnsformers are modeled to characterize and quantify
tions are slower damped since the damping constant is Sm;gléerlr behavior. Models are based on a frequency dependent fully

(around0.6 - 10° s—1) and the circuit miss-operates under som stributed model [12], being generated with a FEA tool [13].
condition's (Fig. 5) In Transformer B neither coupling is prior, this interleaving

Other parameter that affects performance of the driving cﬁr-'es to optimize the coupling among all the windings. This

cuit is the step voltageys, imposed by the transformer. It de_tralrr:s_lf_cr)rr:efr :%aitgiuy testeﬁr:n E)h?[vsrmr?typzl.i rv and orimar
pends on the selected voltage to drive 8Rs As seen in (1), anstorme € coupiing between auxiliary anc primary

the higher theVg, the higher the amplitude of the oscillationswmdmgs IS Worse than in Transformer B pgt ther_e IS still a
ood coupling between secondary and auxiliary windings. In-

and hence, the risk of malfunctioning of the circuit is greateg. : :

Therefore, when oscillations are not quickly damped (bad co f.'ea"'”g of Transformer C is the same than T(ansformer A
pling), there is more risk of malfunctioning for the highés. ig. 4) put Transformer C does not have the additional winding
The main conclusion of this analysis is that the coupling & the right part. . : L .

tween auxiliary and primary windings is critical to achieve good _In Transformer D the auxmary—prlm_ary_ coupll_ng |s_opt|-
performance with this new driving scheme. Other parameters@lI ed while coupling of secondary windings with primary

parallel resistors or gate capacitances can help only if the au and auxiliary .W”.‘d'”gs IS worse than in the previous deslgns.
iary—primary coupling is good enough econdary windings are in the bottom part without any inter-

leaving.
Finally, Transformer E optimizes primary—secondary cou-
pling and gives less importance to the couplings of the auxiliary
As seen above, the goodnesssat/SDSRechnique is highly winding with primary and secondary. Auxiliary winding is in
dependent on the auxiliary—primary coupling. Besides, it the bottom part without any interleaving.
known that keeping a high coupling between primary and sec-Once transformer models are generated, several small signal
ondary windings is critical to reduce voltage spikes, switchirtgsts are done to quantify how are the couplings between the
losses in the converter, etc. The magnetic coupling betwedifferent windings. Table 1l summarizes the simulation results
the secondary and auxiliary windings also affects drasticalbptained with different short-circuited tests. Short-circuit induc-
the performance of the converter, to such an extent that tfamce and resistance were taken at 100 kHz. Short-circuit induc-

VI. INFLUENCE OFDIFFERENT COUPLINGS
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Interleaved structure of Transformer C, Transformer D and Transformer E.

TABLE I

SIMULATION RESULTS OFSHORT-CIRCUIT TEST (100 KHZ)

From Primary with From Auxiliary with From Auxiliary with
Secondary short-circuited Primary short-circuited Secondary-short circuited
R (mQ) L (nH) R (mQ) L (nH) R (mQ) L (nH)
Transformer A 230 210 110 130 100 60
Transformer B 105 50 50 30 65 35
Transformer C 115 140 50 80 45 35
Transformer D 115 565 55 15 50 155
Transformer E 110 45 50 180 50 130

tance between each pair of windings gives us a good idea abouts Transformer D is a very interesting case. Although

how is their coupling.
From Table Il the following conclusions are drawn.

» Primary—Secondary coupling: It is good in Transformer B
and E, however these windings are bad coupled in Trans-
former C and D.

« Auxiliary—Primary coupling: It is good in Transformer B
and D and bad in Transformer C and E.

 Auxiliary—Secondary coupling: It is good in Transformer
B and C and bad in Transformer D and E.

All the transformers were simulated with the power topology
to analyze the influence of the windings coupling on the perfor-

mance of the SWSDSR scheme. Fig. 11 shows the gate-source
and drain-source voltage waveforms obtained in one of the syn-

chronous rectifiers when the power topology is simulated with

the models of different transformers. The circuit has been sim-

ulated under the same conditiongy = 36 V, Ioap = 10 A)

with each transformer.

« \Voltage waveforms with Transformer B are very good be-

secondary is bad coupled with the rest of the windings,
SWSDSR scheme works properly (gate-source voltage
is —0.6 V) because auxiliary winding is well coupled
with primary. Of course, a bad coupling of the secondary
winding with the primary increases the losses in the
converter; a higher spike in drain-source voltage is seen
in Fig. 11. Besides, a bad coupling of the secondary
winding with the auxiliary affects the timings in that SRs
are turned on and off, which means again higher losses
in the converter. This design points out the importance of
the auxiliary—primary coupling.

Transformer E is just the opposite case than Transformer
D, the secondary is well coupled with the primary and
the auxiliary is bad coupled with primary and secondary.
SWSDSR scheme does not work since auxiliary is bad
coupled with primary. In this case, gate-source voltage is
+1.5 V when input voltage is 36 V but the converter does
not work for higher input voltages.

cause all the windings are very well coupled, gate-sourceMain conclusion of this analysis is that the auxiliary—primary
voltage is—0.6 V (clamped by the diode) when the SR hagoupling is the most important to get good performance with

to be off.

the SWSDSR scheme. Of course, primary—secondary and aux-

* However, in Transformer C, windings coupling is not sdiary—secondary couplings are very important to optimize the
good and SWSDSR scheme does not work. As explaindwer converter but auxiliary—primary coupling is critical to
if the auxiliary winding is not well coupled with the pri- keep the SRs off when they should.

mary, the SWSDSR scheme can not work properly and
SRs could conduct when they should be off. In this case,
gate-source voltage is0.6 V when the SR has to be off,

VII. EXPERIMENTAL VALIDATION

but if input voltage is increased up to 48 V (instead of Two prototypes have been fully tested in order to validate
36 V) this positive level is higher and SRs are on whethe SWSDSR scheme. The selected topologies drive the

they should be off.

transformer in a different way. One is the standard half bridge
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Fig. 11. Simulation results with the four transformers: gate—soureg | and drain—sourcé{ps) voltage waveforms of one synchronous rectifier.

topology, which drives symmetrically the transformer with < Output voltage: 1.5 V.
dead times. The other is the half bridge with complementary  Input Voltage is around 24 V.
control operating at 50% duty cycle, which also drives the ¢ Maximum output current: 15 A.

transformer symmetrically but without dead times. ¢ Switching frequency: 100 kHz.
. ) Transformer is made with a low profile RM10 core using PCB
A. Experimental Results With the Prototype A layers for the windings. Synchronous rectifiers are three Si4410

Prototype A, standard half bridge topology, works witt{13 mt2) in each branch. Power MOSFETS are packaged in SO8,
a wide input voltage range (36 V-72 V), it is the testbenciithout heat sink and directly mounted on a standard PCB.
converter (Section IV) used to analyze the influence of the Fig. 12 showsV s waveforms for different output currents
main parameters on the SWSDSR scheme. Measurementswbien the transformer is driven without dead times (half bridge
this converter show that the new self-driven technique workgth complementary control operating at 50%). There is a small
if transformer windings are properly coupled (Transformer Bunbalance iV s (due to the coupling of the auxiliary winding)
Fig. 5 shows how SRs are on even during the dead times of thiich is dependent on the commutation (zero voltage switching
transformer. More information of this prototype is available ir not) in the primary side. At light load (1 A) there is almost
[10]. no ZVS, then parasitic capacitances are not discharged when the

This prototype has also been used to validate the simulatipnmary MOSFET is switched on and therefore, the step voltage
conclusions of Section VI. Simulation results match very weWg imposed by the transformer is high, increasing the ampli-
with experimental results. When Transformer A is used, thede of the oscillation (1) and worsening the behavior of the
Vas is slightly positive at low input voltage (36 V), but this un-circuit. At light load, gate voltage ig-1 V (Fig. 12) during off
balance increases at higher input voltages and SWSDSR dtietes. However, at higher load (5 A), there is ZVS and parasitic
not work in the simulations as well as in the prototype. Howecapacitances are almost discharged when primary MOSFET is
ever with Transformer B, the SWSDSR scheme works propedwitched on, then step volta§a; is very small and gate voltage
in the simulations as well as in the actual converter. is 0 V during off times.

Fig. 13 shows the efficiency of prototype B when the trans-
former is driven without dead times (half bridge with comple-

Prototype B is a half bridge topology and has been testedrirentary control operating at 50%) and SWSDSR scheme is
two modes: with and without dead times. Specifications of thissed. The converter is working at constant duty cyicte 50%
prototype are shown as follows: and the input voltage is slightly modified to regulate the output

B. Experimental Results With the Prototype B
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Fig. 12. HBCC prototype with SWSDSHR (= 50%): Vs in SRs (5 V/div, 2us/div) when output current is (a) 1 A and (b) 5 A.
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Fig. 13. Prototype B without dead times (HBCC with= 50%) and with
SWSDSR: Efficiency of the power stage.

voltage. The maximum efficiency obtained is very high (almost
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g. 14. Efficiency measured in prototype B with dead timés=£ 25%)

% i 0 iC
95 Y01n t.he power stage, 92.8% for the overall con\{erter) at rng with different rectification strategies: Diodes, traditional SDSR, traditional
atively light loads (5 A). The decrease of the efficiency (88%DSR with diodes and the new SWSDSR.

at 15 A) when load is increased, is due to the temperature rise

of the MOSFETSs as well as the increase of conduction losses in
the layers of the standard PCB (copper thickness igi8. It
should be noted that MOSFETs are SMD devices and they do

4) Finally, the same shottky diodes have been paralleled with
the traditional SDSR with auxiliary windings. Although
losses are reduced since shottky diodes conduct during

not have heat sink and are mounted on a standard PCB. the dead times instead of body diodes (2.2 W at 10 A, 87%

Prototype B has been also tested with dead times in the trans-
former (standard half bridge topology operating around 25%

efficiency), better results are achieved with the SWSDSR
technique saving the room and the cost of the Shottky

duty cycle) in order to show the benefits of using SWSDSR. diodes

Different rectification techniques have been tested to compare '

them; measured efficiency with each one is shown in Fig. 14. For

loads higher than 2 A, SWSDSR technique reduces the losses ViIl. CoNcLUSIONS

in prototype B much more than the rest of techniques. A new circuit to drive the synchronous rectifiers of a very

1)

2)

3)

Losses of prototype B with the SWSDSR are very lolpw voltage dc/dc converter is proposed, analyzed and validated.
(1.4 W at 10 A, 91% efficiency) since MOSFETSs are ofif is called single winding self-driven synchronous rectification
during the dead times. (SWSDSR) scheme. The main characteristics of the new driving
Traditional SDSR have been implemented with auxiliar§ircuit are:

windings since voltage in secondary is very low (1.5 V). 1) free selection of the driving voltage;

Interleaving of the auxiliary windings is the same than 2) low driving energy involved in the process;

the one used with the SWSDSR technique. Body diodes 3) capability to maintain bot8Rson even when the voltage
conduct during the dead times increasing the losses dras- in the transformer is zero, which is impossible to do in
tically (3.3 W at 10 A, 81.8% efficiency) and limiting the traditional self-driven approaches.

maximum power capability of the converter. This new self-driven scheme is applicable to any topology
Prototype B has been also tested using only Shottkyat drives symmetrically the transformer (push—pull, half
diodes as rectifiers (85CNQO015). Measured losses dredge, etc.) even for a wide input voltage range. It is also
similar than in the previous case (3.1 W at 10 A, 82.7%pplicable to forward with active clamp and half bridge with
efficiency). Forward voltage is around 0.3 V. complementary control only if the duty cycle is 50%.
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The main disadvantage of this scheme is that its performar
is highly dependent on windings coupling. All the coupling
are very important to optimize the power converter but auxi
iary—primary coupling is critical to make possible the use ¢
SWSDSR technigue. Design of the power transformer is esy
cially complex and modeling techniques are recommended.

This new technique has been fully validated in two very lo
voltage (1.5 V) converters: Half bridge and half bridge wit
complementary control €50%). A 1.5 V Half Bridge pro-
totype shows much higher efficiency with the new SWSDSR
(91% @ 10 A) than with other rectification techniques: schottk
diodes (82.7% @ 10 A), traditional SDSR with auxiliary wind:
ings (81.8% @ 10 A), or even traditional SDSR with auxilian
windings and schottky diodes in parallel (87% @ 10 A).

SWSDSR approach allows the use of fast dynamic topologi
(half bridge or push pull) to supply the new low-voltage fas
transient loads, which is an interesting alternative because in
voltage can be high (24 V, 48 V).
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