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Design and Performance Evaluation of
Low-Voltage/High-Current DC/DC On-Board
Modules

Yuri Panov and Milan M. JovanoVjd—ellow, IEEE

Abstract—The topology selection, design, and performance eval- module which delivers 60-70 A to the 1.2-1.65 V load from
uation of an on-board dc/dc converter, which delivers powerfroma the 48 V+10% bus.
48-Vinputtoa 1.2-1.65V/70 A microprocessor load, are presented.
It was shown that the symmetrical half-bridge topology with the
current doubler and synchronous rectifiers is a suitable approach II. TOPOLOGY SELECTION
for this application. The measured full-load efficiency of a 200-kHz
experimental half-bridge converter was higher than 82% in the en- Generally, the topology selection for on-board dc/dc con-

tire output and input voltage range. verters for the next generation of microprocessors is mainly
Index Terms—High power density, low-voltage/high-current driven by high-power-density and transient-load-regulation re-
dc/dc conversion, voltage regulator modules. quirements. To achieve a high power density of on-board dc/dc

converters placed in a computer box with a limited airflow,
the converter efficiency must be maximized. Generally, power
conversion with a large step-down ratio, such as from 48 V to
I\/I OST of today’s high-performance microprocessors opy|ow 2 V, can be efficiently performed only in topologies with
erate from voltages between 2 V and 3.3 V and emplqystep-down transformer. For these isolated, low-output-voltage
power management strategies to minimize the power consurgghologies, the secondary-side power losses are dominant and,
tion. Since these microprocessors present very dynamic loa@#sequently, they have the major effect on the conversion effi-
to their power supplies when they transition from the inactivgency. To maximize the conversion efficiency, it is necessary
(sleep) mode to the active mode, they require point-of-load rag-reduce the secondary-side losses, primarily, the rectification
ulation to minimize the on-board capacitance required to SUfhd transformer-winding loss. The rectification loss can be
portthe transients [1]. Typically, the current slew-rate of todayi@duced by replacing Schottky rectifiers with synchronous
microprocessors during a transition between the active and jggtifiers [2]. To minimize the secondary-winding loss, the
active mode, and vice versa, is around 3Q:#\/The present secondary-winding resistance and rms current should be
point-of-load dc/dc converters, known as voltage regulator moghinimized. The secondary-winding resistance can be reduced
ules (VRMs), use the 5-V output of the existing power suppligsy a proper selection of the winding geometry and transformer
to generate the required low voltage. Usually, these VRMs egrycture, whereas the secondary-winding rms current can be
ploy the buck topology with synchronous rectifiers (SRs) to afinimized by employing the current-doubler topology [3]-[5].
tain a high conversion efficiency. To achieve an accurate output regulation during
To further increase the processing speed and decreaseﬁilgﬁ_sbw_rate steps of the microprocessor load with a
power consumption, the operating voltages of the next genefgnimum on-board capacitance, the converter must possess a
tion of computer microprocessors will be reduced below 2 V. A§st large-signal transient response. For a properly designed
the same time, it is expected that these processors will requjfgie-bandwidth feedback control, the large-signal transient re-
much more power and will present even more dynamic loadgonse is mainly determined by the response of the output filter
than today’s microprocessors. To keep the distribution 10s§8§. The overshoot/undershoot of the output-voltage response
low at an increased power level, the input voltage of the ney¥n pe reduced by decreasing the output-filter inductance value,
generation of on-board dc/dc converters has to be increasggly by maximizing the voltage on the output-filter inductor
In fact, instead of using the 5-V output of existing power suRfyring the transients so that the rate of change of the inductor
plies, the next generation of the on-board dc/dc converters Wilkrrent is maximized. The filter inductance can be reduced
be powered either from 12-V or 48-V bus. by increasing the switching frequency and/or by selecting an
In this paper, design and performance evaluation of t%propriate converter topology [6].
topologies suitable for the next generation of on-board dc/dc,:igs_ 1-3 show three secondary-side topologies which were
modules is presented. The evaluation was performed for @ uated for their suitability for low-voltage/high-current
applications. Among the three secondary-side arrangements
Manuscript received September 3, 1999; revised September 9, 2000. Recstiown in Figs. 1-3, the forward topology shown in Fig. 1(a)
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Fig. 1. Forward secondary-side topology: (a) circuit diagram and (b) - - - - -
waveforms. Ton  Torri Ton  iTorF

(b)
larger rectification losses than center-tapped or current-daty. 2. Center-tapped secondary-side topology: (a) circuit diagram and (b)
bler topology, shown in Figs. 2(a) and 3(a). In fact, in thgaveforms.
center-tapped topology, the frequency of the output-filter-in-

ductor voltage waveform is twice the switching frequencyq the secondary-side topologies implemented with Schottky
while in the forward topology it is equal to the switching frejigdes this reduction is not very significant because the forward
quency. As a result, the requw_ed yall_J_e of the filter mductan%nage drop of the Schottky diode is not strongly dependent
in the center-tapped topology is significantly smaller than thgh, the current. However, for the implementations with SRs, the
in the forward topology. loss reduction is tangible. If the center-tapped and current-dou-
As can be seen from Fig. 3(b), the frequency of the outpuiter topologies are driven in such way that they operate without
filter-inductor voltage in the current-doubler topology is equahe off-time interval (for example, the asymmetrical half-bridge
to the switching frequency, i.e., it is the same as in the fogonverter [7]), their rectifier loss is the same as in the forward
ward topology. However, in the current-doubler topology, th@pology.
ripple current of the output filter capacitor is reduced becauseFor high-current applications the current-doubler topology is
the ripple currents of the both inductors partially cancel eagheferred to the center-tapped topology for a number of rea-
other, as can be seen from thg + ;> waveform in Fig. 3(b). sons. First, in the current-doubler topology the inductor currents
Due to the ripple cancellation, the required value of the filter irand the transformer secondary current are two times lower than
ductance is significantly decreased. the corresponding currents in the center-tapped topology. As a
Generally, the forward secondary-side topology exhibits rasult, the current-doubler topology exhibits lower conduction
higher conduction loss of the rectifiers than the symmetricalljesses than the center-tapped topology. Second, the current-dou-
driven center-tapped or current-doubler topology. Namely, ler scheme minimizes the number of high-current interconnec-
the forward topology in Fig. 1(a), the inductor current flowgions that simplifies the secondary layout and further reduces the
through rectifier D1 during on-tim&qx and through D2 during layout-related loss. Finally, the transformer and the filter induc-
off-time Torr, as shown in Fig. 1(b). As a result, the total contors in the current-doubler topology can be integrated on asingle
duction loss of both rectifiers in the forward topology is equal tanagnetic core, which simplifies the packaging of the compo-
the loss of one rectifier carrying the output-filter-inductor curments and may reduce the overall size of the magnetics [8].
rent during the entire switching period. However, in the symmet- The secondary-side current-doubler topology in Fig. 3(a) can
rically-driven center-tapped and current-doubler topology, the combined with nearly all primary-side topologies such as the
load current is evenly distributed between rectifiers D1 and O@rward, half-bridge, push—pull, and the full-bridge topology.
during the off-time, as shown in Figs. 2(b) and 3(b). As a resuBgecause the forward primary-side topology is not symmetrical,
the total rectifier conduction loss during the off-time is reduced. is not suitable for low-voltage/high-current applications.
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Fig. 4. Circuit diagram of the symmetrical half-bridge converter with the
(a) current-doubler rectifier.

operating from 12 V than from 48 V. Among considered

Vsec & topologies, the half-bridge topology seems to be the best choice
Ts/2 Ts for the on-board converter with the 48-V input. Although the
0 > full-bridge topology offers both the low current stress of the
Vi 4 push—pull topology and the low voltage stress of the half-bridge

topology, the half-bridge topology is a preferred choice because
> of the lower component count and overall simplicity. However,

it should be noted that the full-bridge topology might be
Viz § the best choice at high frequencies where soft-switching of
- the primary switches is required to maintain high efficiency.

Namely, by employing the phase-shift control, the full-bridge

i1,z 4 ' o ' e | topology can be implemented with zero-voltage-switching of
’ e Hatiid (0] . .
Q\; lof2 the primary switches.
\ >
iz 4 [ll. DESIGN AND EVALUATION OF SYMMETRICAL HALF-BRIDGE
lo CONVERTER
P~ ) 10/2
> The circuit diagram and key waveforms of the symmetrical
i1 4 %k half-bridge (SHB) converter with a current doubler are shown in
- - Figs. 4 and 5, respectively. Since the performance of the circuit
- - - in Fig. 4 is mainly determined by the characteristics of the SRs
Ton=DTsiTorr; Ton  iTorr and their driving scheme, as well as by the design of the isolation
transformer, the rectifier selection, SR driving techniques, and
®) transformer design are discussed in detail.

Fig. 3. Current-doubler secondary-side topology: (a) circuit diagram and () Rectifier Selection

waveforms. Although forward voltage drops of today’s state-of-the-art

low-voltage Schottky diodes and MOSFET SRs are compa-
Specifically, the forward converter with the current doublenable at 70 A, and although the circuit implementation with
transfers the source energy to the secondary side in the forwtdrel Schottky rectifiers is much simpler, the MOSFET SRs
fashion during the on-time of the primary switch, and in theffer superior efficiency when used in parallel. To compare
flyback fashion during the off-time of the primary switch [5].the performance of paralleled Shottky rectifiers and MOSFET
Since there is no off-time interval, the rectification loss is n@Rs, Fig. 6(a) shows the i—v characteristics of the 85CNQO015
minimized. Furthermore, since the transformer serves as tBehottky diode and the MTP75N0O3HDL MOSFET. As can be
energy source during the off-time of the primary switch, itseen from Fig. 6(a), at 70 A the voltage drop across a single SR
primary magnetizing current is as high as a half of the load higher than the voltage drop across a single Schottky diode.
current reflected to the primary. As a result, the primary switdHowever, when two SRs are connected in parallel so that each
suffers from an excessive current stress and loss. SR carries 35 A, their voltage drop is lower than the voltage
The push—pull, symmetrical half-bridge, and full-bridge pridrop of two paralleled Schottky diodes. Namely, because of
mary-side topologies are well-suited for the low-voltage/higtan exponential i—v characteristic, the reduction of the voltage
current applications with the current-doubler secondary. Sindeop of two Schottky diodes in parallel is only 22% compared
the push—pull topology has two times less primary curretd the drop of the single device, whereas, because of a linear
stress and twice the voltage stress of the primary switchies characteristic, the reduction of the voltage drop of two
than the half-bridge topology, the push—pull topology is morgRs in parallel is 50%. This difference becomes even more
suited for the low-voltage/high-current on-board convertemonounced when three or more devices are paralleled. Fig. 6(b)
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Fig. 5. Idealized waveforms of the symmetrical half-bridge converter.
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shows comparison of the estimated rectification loss at 70 A
for the Schottky rectifiers and SRs as a function of the number ®)
of paralleled devices. The loss estimate presented in Fig. 6(b) is
obtained for the current-doubler topology, shown in Fig. 3(a),
assuming that both rectifiers operate with the 50% duty cych- 6. Comparison between paralleled Schottky and Synchronous rectifiers.
The Schottky rectifier loss includes both the conduction lo as) Forward voltage drop. (b) Loss.
of the forward-biased rectifier and the leakage-current loss of
the reversed-biased rectifier. To calculate the leakage-currénplementation, SRs are driven directly by voltages on the
loss, the reverse voltage of 6 V was assumed. The calculavéddings of the power transformer. Since the gates of the
rectification loss of the SRs includes the conduction, switchingelf-driven SRs are charged and discharged in a resonant
and driving loss. In these calculations it was assumed that flashion, the driving loss is very much reduced. As a result, the
current distribution among the paralleled devices is even, aself-driven SR approach is very attractive for its low driving
that the device temperature does not depend on the numloss, simplicity, and low cost. Unfortunately, the self-driven
of devices paralleled. In addition, a switching frequency dRs cannot be implemented in the SHB converter. Namely, as
200 kHz was assumed in the switching-loss calculations.  can be seen in Fig. 5, the voltage on the transformer winding
Finally, due to the MOSFETs negative temperature coeffih the SHB converter is zero during intervdlsrr when both
cient, paralleled MOSFET devices tend to naturally keep a ui@Rs should conduct. Therefore, duriigrr intervals the SR
form current distribution among the individual devices. Howeurrent would flow through the body diodes of the SRs, instead
ever, since the Schottky rectifiers have a positive temperat@ieflowing through the channels of the SRs. As a result, the
coefficient, the paralleling of Schottky diodes requires muatpnduction and reverse-recovery loss of the self-driven SRs in
more design effort to assure an even current sharing among e SHB topology would be high.

paralleled devices. The described deficiency of the self-driven SRs can be
overcome by employing control-driven SRs which derive
the gate-drive signals from those of the primary switches.

In general, SRs’ drive can be implemented with a self-driveRlowever, the control-driven SR implementation is complex,
hybrid-driven, or control-driven scheme. In a self-driven Skess efficient, and more expensive.

B. Driving of Synchronous Rectifiers
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The complexity of the control-driven SR drive can be reduce \\/ . [\ Vw2
by resorting to the hybrid-type SR drive. In a hybrid-driven S| o & 3 >
implementation, the SRs are turned on by a transformer windi \
voltage and turned off by a control signal. Fig. 7 shows a h / o
brid SR drive for the SHB converter. In Fig. 7, the gate-sourc vse T — Vin/(2n)
capacitances of the SRs are charged by the voltages on two
ditional windingsNpr1, Npr2 Of the power transformer and ] o
discharged by auxiliary switches SA1 and SA2. The gate si Ve 4 o Vi)
nals for switches SA1 and SA2 are easy to derive because tl A /\
coincide with the gate signals of primary switches S1 and S
The power needed to drive the auxiliary switches is minimal. V2

The hybrid driving scheme in Fig. 7 relies on the energ ' Pz Mo nile

. . _ N 2 'L’ Lez
stored in the leakage inductance of the transformer to turn on
SR during off-timelrr. To facilitate the explanation of the SR
gate charging mechanism, Fig. 8(a) and 8(b) show the equival Ve “NowNe Vi
circuit and waveforms of the SHB converter with the emphas /! -
on the resonant transition after the primary switch turn-off. |
Fig. 8(a), the voltage sources on the primary side and the curr Now/Ne Vs
sources on the secondary side represent half-bridge capaci
and output-filter inductors, respectively. Inductéxs —Ls4 and N\
CapaCitorwiSS (SR1)» Ciss (SR2)» Coss (S1)» andCoss (52) repre-
sent leakage inductances of the transformer windings, input «
pacitances of SR1 and SR2, and output capacitances of prim
switches S1 and S2, respectively.

It should be noted that when switch S1 is conducting, SR1
off and SR2 is on. After S1 is turned off at= Ty, it is nec- To{,/-;z T,\T, (b)
essary to turn on SR1 while still keeping SR2 on. Otherwise, n
SR1 was not turned on after the turn-off of S1, the body diogg g Equivalent circuit and waveforms of the resonant charging of SRs’
of SR1 would conduct, thus, increasing the conduction loss. daes during off-time.
turn on SR1, it is necessary to induce positive volt&ge:;
across driving windingVpr; . This positive voltage can be gen-dischargeC,; (s2) below Vix /2 level so that voltagé’ps (s2)
erated only if the voltage across the primary windilgrmv, continues to decrease toward zero. If enough energy is stored in
becomes negative immediately after S1 is turned off. leakage inductances; and Lsz, Vpg (s2) Will reach zero, as

As shown in Fig. 8(b), during intervalh—71], output capac- illustrated in Fig. 8(b). Aftedps (s2) reaches zero at= 71z, it
itanceC,; (s2)y Of primary switch S2 is discharged by reflectedtays clamped to zero until the leakage inductance is completely
output-inductor currenfs /(2 - n), wheren = Np/Ng, and discharged at = 73, i.e., until primary currentpgrmny falls
the voltage across switch SZ;g (s2), decreases linearly. Whento zero. Afteripriv becomes zero at = 73, Vpg(s2) starts
Vps (s2) reachedin/2 level att = 11, the body diode of SR1 resonating back toward its steady-state valuégf/2. In the
starts conducting. Since after= 77 both SR2 and the body circuit in Fig. 8(a) this resonance is damped by Bg—Csn
diode of SR1 are conducting, the secondary of the power trassubber placed across the transformer primary winding so that
formeris shorted, i.e¥spc = 0. Asaresult, aftet = 77, trans-  after Vps (sz) reachesin/2 att = 7y, it stays at theVin /2
former leakage inductancds;; and Lg, start to resonate with level until switch S2 is turned on at a later moment.
output capacitanceS,,; (s1) andC, (s2) Of primary switches  As can be seen in Fig. 8(a), when the secondary winding is
S1 and S2. As shown in Fig. 8(b), this resonance continuesstoorted by the simultaneous conduction of SR1 and SR2 during

-

| Radlh |

Vs (sr1)

Vs (srz)
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bead(s). Finally, the proper design of the SR drive requires the

Nori DA o L duration of the resonant intervdl{-13] to be longer than the
T + 1 SR time of a resonant charging of the gate-source capacitance of
. Vort SR1 and SR2, i.e., longer than one-quarter of the resonant pe-
TA % * - SA @Vi_ riod of the gate-drive circuit.
- SA2 The dependence of the SR drive on the leakage inductance
Vore SR2 Lg, can be removed by resorting to the hybrid-drive implemen-
+ a L2 tations shown in Fig. 9(a) and 9(b). In Fig. 9(a), the drive volt-
Norz Ao ’[}m ages for the SRs are derived from the windings of small driving
@ transformer TA, instead from the windings of the power trans-
former. Since the output of transformer TA is not shorted during
LT voo )y resonant intervalli—1%4], its secondary voltage waveform fol-
Nort DAT , SA3 Nt lows the primary voltage. In addition, because TA has much
L1 S I :
o] + HISR1 larger number of primary turns than power transforfiiethe
gVDR‘ L} SR driving voltage level can be chosen with a much higher res-
) SA1 O | olution when TA is used for driving SRs insteadBf
- SA2 Vo In the hybrid-drive implementation in Fig. 9(b), the SR
Vorz } SR2 driving voltages are obtained from additional windinys 1
1t 15 and Npgro Of output-filter inductorsL1 and L2, respectively.
L2 | Niz . : -
Norz pA2 *sA4 ’l}m This approach exploits the fact that the timing of the voltage

waveforms of the output inductors, shown in Fig. 5, coincides
(b) with the timing required for the proper operation of the SRs.
This driving scheme requires two extra switches SA3 and SA4,
Fi_g. 9 AIternative_S_R driving s_che_zmes: (a) drivir]gfrom auxiliary transformegince the SR should be disconnected from the driving Winding
windings and (b) driving from windings of output inductors. prior to the gate discharge. To minimize the cross-conduction
of the resulting totem-pole driver at high switching frequencies,
interval [11-13], primary voltageVpriv is divided between it is recommended to use complimentary low-power MOSFET
the voltage drop across primary leakage inductahge and transistors for implementation of switches SA1-SA4.
the voltage drop across reflected secondary leakage inductandeor all three hybrid SR drives, the selection of the number
(Ls2 - n?). As a result, the peak value of voltagé across of turns of the driving windings is constrained by the required
the reflected leakage inductanée, is given byVippsax = range of the gate-source voltage. The SR gate-source voltage
[n? - Lsa/(Ls1 +n? - Ls2)] - Vin /2. The voltages of SR driving should be high enough to attain the lowest possible value of
windings Npr; and Npgr» are proportional td; : Vpr2 = the drain-source “on” resistance (typically 10-12 V), while it
—Vbr1 = (Npr/Np) - V1, as indicated in Fig. 8(b). should be below the maximum allowable driving voltage (typi-
As can be seen from Fig. 8(b), the negative resonant volta@@lly 15-20 V). For the SRs driven from the power transformer
observed in the primary voltage waveform during intervas in Fig. 7, driving voltage magnitudé,r is proportional to
[11-T%4] induces a positive driving voltageépr; that charges the input voltagéiy, and varies within the same 10% limit as
the gate of SR1. When the gate voltades sr1) exceeds the the input voltage. The number of turns of the driving windings
gate-to-source threshold voltage, the current which was flowiigydetermined fromVpgr = 2 - Np - Vpr/VIn.
through the body diode of SR1 starts flowing through the For the SRs driven by the windings of output inductors as
channel of SR1. Once the SR1 gate is charged, it stays chartjeffig. 9(b), driving voltaged’pri, Vpr2 are proportional to
until auxiliary switch SA1 is turned on at = Ts, because the sum of output voltagé#, and forward voltage drofyr
diode DAL prevents the discharge of the SR1 gate capacitangkthe SR. Assumindg’rs = 0.2V, the variation of the SR
Since the voltage magnitude to which the SR1 and SR2 gaééing voltage is 1.32:1 in the entire output-voltage range.
are charged during their respective off-time resonance deped@i¢refore, thé’pr value can be easily selected in the 9.8-13 V
on the voltages across driving windindér: and Npro, the range which provides the minimum SR “on” resistance, as well
value of leakage inductancks, determines the performanceds the compliance with the SR gate-source voltage rating. The
of the drive. If Ls, is not large enough so that voltagEsg: number of turns of the driving winding can be calculated as
and Vo are not sufficient to turn on the respective SRs, al\pr = Nr - Vor/(Vo + Vr), Where Ny, is the number of
external inductance must be added in series with the secondfjs of the output-filter inductor.
winding to provide the necessary secondary-side inductance re- )
quired for proper operation. However, since the energy storedn Transformer Design
the added inductance must be dissipated, the value of the addedue to the topology symmetry and blocking action of
inductance should be minimized. Otherwise, the loss reductioapacitora’'1 andC?2, the transformer of the SHB converter in
gained by the optimization of the driving voltage level of the SRSig. 4 carries no dc magnetizing current and, consequently, its
may be diminished by the loss of the additional inductor energyore does not require to be gapped. As a result, the transformer
It should be noted that because the additional inductance is typthe SHB converter can be designed with a low ac magne-
ically small, the added inductor can be implemented with ferritezing current. To minimize the secondary-winding conduction
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Fig. 10. Experimental waveforms of switch S2 drain-source voltdge (s2), SR1 and SR2 gate-source voltadess (sr1), Vas (srey at: (@) Vin = 48V,
Vo =145V, I, = 72Aand (b)V;, =48V, V, =145V, I, = 2.5 A,

loss and to simplify the manufacturing of the transformer, the  Efficiency (%)
single-turn secondary winding should be selected. Also, to min- 85
imize the leakage inductance, the primary and the secondary
winding should be interleaved. Finally, to simultaneously
provide high-current capability and tight coupling, a copper
foil should be used for both primary and secondary windings.
For the 48 V+10% input and the maximum output voltage of
1.65V, the transformer requires the 4: 1 turns ratio.

In the SHB converter in Fig. 4 implemented with the g3

hybrid drive shown in Fig. 7, the resonance between the voslaw oA vos145 v"{i” A
drain-to-source capacitances of the primary MOSFETs and the | h’*j=’_<—0——-o -----
leakage inductance of the transformer is utilized to turn on the | ——
appropriate SR immediately after a primary switch turn-off. 8242 44 46 46 50 52 54
However, this resonance continues after the leakage inductance Input Voltage (V)

is completely discharged, thus, producing undesirable ringing
of the primary voltage waveform during the remainder of thgg. 11. Measured efficiency of the symmetrical half-bridge converter as a
off-time. To eliminate this undesirable ringing, the circuit ifu"ction of the input voltage.

Fig. 4 employs theksn1—Csn1 Snubber placed across the pri-
mary winding of the transformer. In addition, after the turn-on : _ )
of the primary switches, the transformer leakage inductance " the primary side.y; = 30 H; leakage inductance
resonates with the drain-source capacitance of the SR which measured on the primary sidg; ~ 100 nH:

is being turned off. This parasitic secondary-side resonance is4) €1, — 3 x 4.7-pF, 63-V ceramic capacitors.

damped by theRgno—Csna, Rsna—Csna Snubbers connected E) ClFO_ 3% 32%'11'?1 4-v P?SCON _Capaci;[ors. f -
across the drain and source terminals of the SRs. ig. 10(a) and (b) show the experimental waveforms of the

Generally, the switching frequency of the SHB converter |§H§ convertﬁr \;Vithd SRs drivefn;(‘)ropr\n thde ngvaer transfo_rmle '
Fig. 4 is limited by the snubber losses. It was found that for tnaings Ett € loa Ic:grrelr:)t ° f ”aln d. h ’ respectweg.
application described in this paper the switching frequency'éiS it can be seen in Fig. 10(a), at full load the resonance be-

around 200 kHz results in an optimal trade-off between the Si%een the leakage inductance and the output capacitance of the

of the energy-storage components and the converter efficienty/ M"Y switch_es during the off-time i$ strong en_ough to trn
9y g P oh the appropriate SR. As a result, during the off-time both SRs

conduct the current. It is important to note that at full-load op-
eration the SRs’ body diodes do not conduct and, consequently,
The performance of the SHB converter with the SRs and tiigere is no loss associated with their reverse recovery. However,
current- doubler secondary in Fig. 4 was evaluated experimeft-ight load, as shown in Fig. 10(b), the energy stored in the
tally. The converter prototype was constructed using the fakakage inductance is low, and the resonance is not sufficient to

two turns of 2-mil foil; magnetizing inductance measured

D. Experimental Results

lowing components. turn-on the corresponding SR. Therefore, during the off-time the
1) S1, S2 HUF75639P (100-V, 28&(rMOSFET). corresponding inductor current flows through the body diode of
SR1, SR2— 3x MTP75NO3HDL (30-V, 7.5-m this SR. As a result, the reverse-recovery loss of the SR body
MOSFET). diode reduces converter efficiency at light load. This reverse-re-
2) L1 = L2 =122 uF A-310090-2 Arnold MPP core, four covery loss can be significantly reduced by driving SRs from
turns of seven strands of AWG 19 solid wire. windings of the output inductors, as shown in Fig. 9(b).

3) T EFD-30-3F3 Philips core; primary: four turns of 3-mil The full-load measured efficiency of the experimental SHB
foil; secondary: one turn of 12-mil foil; driving windings: converter at, = 1.2V, 1.45V, and 1.65 V is shown in Fig. 11.
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