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Abstract — The feasibility of the single-
phase, full-bridge rectifier with an LC filter
to meet the IEC 1000-3-2, class D specifica-
tions is assessed. It is found that this passive
LC-filter approach can meet the required spec-
ifications if a proper inductance value of the
filter choke is selected. Choke design consider-
ations and performance evaluation results that
include the power loss, volume, and weight es-
timates for applications with power levels be-
tween 75 W and 600 W are presented.

1 Introduction

The expected imposition of the line-current harmonic
limits for power supplies intended for the European
markets, spelled out in the IEC 1000-3-2 document
[1], and similar Japanese regulatory requirements
which are currently being defined, has prompted
many power supply manufacturers to intensify their
efforts towards finding cost-effective solutions for com-
plying with these specifications. The majority of these
efforts are related to improving the performance and
reducing the cost of the existing active power-factor-
correction (PFC) circuits based on the continuous-
conduction mode (CCM) or discontinuous-conduction
mode (DCM) boost converter, and on finding practi-
cal single-stage PFC topologies which would integrate
the PFC function and dc/dc conversion step in one
circuit. Besides these mainstream efforts, a number
of manufacturers are still exploring the merits and
limitations of passive solutions in meeting the IEC
1000-3-2 specifications. The major reason for a rel-
atively strong interest in employing passive solutions
in the waveshaping of the line current stems from the
simplicity of passive LC filters, which implies their po-
tential to meet the desired specifications with higher
efficiency, smaller size, and lower cost than active PFC
circuits.

A number of passive waveshaping circuits were in-
troduced and analyzed in literature [2] - [7]. The
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analytical-based analyses of the single-phase, full-
bridge rectifier with an LC filter are given in [2] and
[3]. The results reported in [3] are confirmed by com-
puter simulations in [4] and further extended to in-
clude the line-current harmonic content calculations
for both single- and three-phase rectifiers. The line-
current waveshaping method using a series connection
of a parallel LC circuit on the ac-side and the rectifier
is introduced and analyzed in [5] and [6]; whereas, the
analysis and performance evaluation of the resonant
filter with a series-resonant LC circuit connected in
parallel with the rectifier input is given in [6]. Fi-
nally, simulation results and performance of a num-
ber of variations of bridge and voltage-doubler recti-
fier circuits with passive LC filters are described in
[7]. Although in all the above-mentioned papers the
focus is on the improvement of rectifier power factor
through the reduction of the harmonic content of the
line current, none of the papers specifically discusses
the feasibility of the passive waveshaping to meet the
current IEC 1000-3-2 specifications.

The primary objective of this paper is to fill that
void by assessing the feasibility of the single-phase,
full-bridge rectifier with an LC filter to meet the IEC
1000-3-2, class D specifications. To accomplish this
objective, the normalized key characteristics of the
full-bridge rectifier with an LC filter, which include
the complete evaluation of the first 39 harmonics of
the line current, are generated first. Next, the IEC
1000-3-2, class D current harmonic limits are con-
verted into the normalized form for direct compar-
isons with the corresponding rectifier characteristics.
Since it was found that a properly designed full-bridge
rectifier with an LC filter can meet the IEC 1000-3-2
specifications, design guidelines for selecting the opti-
mal choke inductance for minimum-size or minimum-
current harmonic emissions are defined. In addition,
the efficiency, size, and weight of chokes made of low-
cost, silicon-steel E-I laminations for the power range
from 75 W to 600 W are calculated. Finally, the
performance of the described line-current waveshap-



ing approach is experimentally evaluated on a 145-W
standard, desktop computer power supply.

2 i~vormalized Characteristics
of Full-Bridge Rectifier with
LC Filter

Generally, the full-bridge rectifier with an LC filter
can be implemented either with the de-side or ac-side
inductor (7], as shown in Fig. 1. A thorough analy-
sis of the full-bridge rectifier with the dc-side choke
Is given in [3] and [4]. Although [3] and [4] present
normalized characteristics and contain enough infor-
mation to facilitate the optimal filter design for maxi-
mum power factor, they do not provide complete data
for designs which need to meet the IEC 1000-3-2 spec-
ifications. Namely, the IEC 1000-3-2 document [1]
specifies the harmonic content of the line current up
to the 39th harmonic, whereas in [4] only current har-
monics up to the 9th are quantified. To overcome this
deficiency, we have generated our own complete set
of normalized rectifier characteristics, for the rectifier
with both the ac- and dc-side inductor, using PSpice
simulations. Figure 2 shows displacement factor K,
purity factor K,, and power factor PF=K;K,, as
functions of the normalized filter inductance defined
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Fig. 1: Circuit diagram of full-wave rectifier with LC
filter: (a) de-side inductor; (b) ac-side inductor. Input
capacitor C; (shown dashed) may be used to improve
displacement power factor.
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as in [4]:
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=1 1
VinTy ~ V2T @

Lon = Lo

where Lo is the filter inductance, I;,, is the rms line
current, V;, is the rms line voltage, P, is the input
power, and Tf is the line period. The displacement
factor is defined as Ky = cosf, where 8 is the angle
(phase shift) between line voltage v;, and the funda-
mental component of the line current 7;,. The purity
factor is defined as K, = Linc1y/ Iin, where Lin(y) 1s the
rms of the fundamental component of the line current.

As can be seen from Fig. 2, the characteristics of
the rectifier with the dc- and ac-side inductor coincide
for Loy <0.027, when, according to mode definition
in [3] and [4], the rectifier operates in DCM I. For
0.027< Lon <0.043, which corresponds to DCM II
3], [4], as well as in CCM that occurs for Loy >0.043,
purity factor K, of the rectifier with the ac-side in-
ductor is higher than that of the rectifier with the
de-side inductor. However, displacement factor Kj
and power factor PF of the ac-side implementation
are lower than the corresponding factors in the dc-
implementation. It also should be noted that in Fig. 2
no characteristics for Loy >0.6 are given for the rec-
tifier with the ac-side inductor. The inability to gen-
erate normalized characteristics of the rectifier with
the ac-inductor in the entire CCM region is caused by
the fact that in CCM the output power of the rectifier
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Fig. 2: Displacement factor K4, purity factor Kp, and
power factor PF=K4K, of full-bridge rectifier with
dc- and ac-side filter inductor as function of the nor-
malized inductance.
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becomes dependent (limited) by the inductance value
[7].

Since purity factor K, is related to the total har-
monic distortions (THDs) as

THD = (/1/K2 —1 *100%, (2)

the rectifier with the ac-side inductor exhibits lower
THDs for Loy >0.027 (DCM II and CCM) than
its dc-side-inductor counterpart. In fact, from
Fig. 2, for the dc-side implementation, K¢ (m(w)—O 936

for Lony =~0.03 (DCM II), which corresponds to
THDZ, =376%. In the CCM region, K, of the

rectifier with the dc-side inductor is almost inde-
pendent of Loy, i.e., Kgc 0.9, which results
in THD¥.,, ~484%. Similarly, from Fig. 2,
for the ac-side-inductor rectifier implementation,
Ka¢ =0.991 for Lon=0.06 (CCM), which gives

p(maz)
THD,,=13.7%.

From Fig. 2, the maximum power factor of the rec-
tifier with the dc-side inductor is PF3°  ~0.9, and
it occurs deep in the CCM region, i.e., for large val-
ues of the filter inductor. In the DCM region, the
power factor characteristic exhibits a local maximum
of PF~0.76 for Lony=0.016 (DCM I). For the rectifier
with the ac-side inductor, the maximum power factor
is PFSS =0.757, for Loy=0.016. For larger Loy,
the power factor decreases because displacement fac-
tor K4 monotonically decreases.

Figures 3(a) and 3(b) summarize the first six odd
normalized harmonics of the line current of the rec-
tifier with the dc-side choke. As can be seen from
Fig. 3, the current harmonics exhibit minimum dis-
tortion for Loy & 0.03, when the choke current oper-
ates in DCM II. The other odd harmonics of interest
that are not shown in Fig. 3, i.e., the 15th through

39th harmonics, show the same behavior.

3 Normalized TIEC Harmonic
Limit Specifications

To facilitate the direct comparison of the rectifier line-
current harmonic content with the IEC 1000-3-2 har-
monic limits, the relative class D harmonic limits de-
fined in the IEC 1000-3-2 document, and summarized
in Table 1, are normalized with respect to the fun-
damental line-current component. The normalized,
input-current harmonic limits I Nin(2i+1) for the power
range from 75 W to 600 W can be expressed by

Ins . _ PinHL2i+1 — PinHLZH-l — PmHLQH-l
Nin(2i4+1) = Iin(l) KpIin Kp VPPF

= VianHLQiH i:l...lg, (3)

where I;,(1) is the fundamental component of the line
current, H Ly; 14 is the relative harmonic limit for the
(2i+1)-th harmonic given in Table 1, K, = Lin(1)/ Iin
is the purity factor, PF=K K, is the power factor, K4
is the displacement factor, and V;, is the line voltage.

As can be seen from Eq. 3, the normalized IEC
1000-3-2 current harmonic limits that apply to the
79-W to 600-W range are proportional to line volt-

age Vinp and displacement factor K. Since K; is a
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Fig. 3: Normalized harmonics of line current as func-
tion of normalized filter inductance: (a) 3rd, 5th, and
Tth harmonics; (b) 9th, 11th, and 13th harmonics.
Normalized, relative harmonic limits defined in IEC

1000-3-2 for class D equipment are also shown for line
voltage of 230 Vac.
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Harmonic order Maximum permissible

harmonic current per watt

HL, [mArms/W]
3.4

Table 1: IEC 1000-3-2, class D, relative harmonic lim-
its (applicable in the 75-W to 600-W range).

function of Loy, the normalized limits are also func-
tions of Loy . Figure 3 shows the normalized current-
harmonic limits for V;,=230 V superimposed on the
normalized rectifier characteristics.

It should be noted that the Japanese harmonic limit
specifications, which are currently being defined, will
increase the IEC 1000-3-2 harmonic limits (H L, in
Table 1) proportionally to the ratio of the European
and Japanese lines (e.g., 230/100). As a result, ac-
cording to Eq. 3, the normalized relative harmonic
limits will stay unchanged, i.e., plots in Fig. 3 also
can be used for filter designs intended to meet the
pending Japanese harmonic specifications.

4 Design Considerations

According to Fig. 3, which assumes V;,=230 Vac,
there is a range of Loy for which the line-current
harmonics are smaller than the IEC 1000-3-2 lim-
its. As can be seen from Figs. 3(a) and (b), the
lower normalized-inductance limit of Lon=0.004 that
meets the IEC 1000-3-2 specifications is determined
by the 3rd harmonic specification limit. On the
other hand, the upper Loy limit is determined by
the 11th and higher harmonics and is approximately
Lon=0.03. Table 2 summarizes the Loy ranges for
line voltages 220 V, 230 V, and 240 V. As expected
from Eq. 3, the range is becoming more restricted as
the line voltage approaches the minimum voltage of
220 V that is defined in the IEC 1000-3-2 document.

The IEC 1000-3-2 specifications need to be met only
at the rated voltage (if a rated voltage range is speci-
fied, the specification needs to be met at V;,=230 Vac
only) and rated (full) output power [1]. Therefore, for
a single operating point, the full-bridge rectifier with
an LC filter can be used to meet the specifications.
If the design goal is to minimize the size of the filter
inductor, the minimum value of Lo ~ listed in Ta-
ble 2 should be selected. If, on the other hand, the
design objective is to minimize the line-current har-

Vi Lon Range
220 | 0.06 -0.03
230 | 0.004 - 0.03
240 | 0.003 - 0.03

Table 2: Loy ranges for 220 Vac, 230 Vac, and
240 Vac which meet IEC 1000-3-2, class D specifi-
cations.

monic content, the maximum value Lon=0.03 should
be taken, since for Lon=0.03 the harmonic distor—‘
tions are minimal (see Fig. 3).

The full-bridge rectifier with an LC filter also can
be used to meet the harmonic limit spectfications for
arange of line voltages and/or power. Specifically, for
the universal input-voltage range (90 Vac - 260 Vac),
the harmonic limit specifications need to be meet si-
multaneously at V;,=230 Vac (European lines) and
Vin=100 Vac (Japanese lines). If, for a given input
power, the LC filter is designed to meet the European
requirements with minimum Loy, then, according to
Loy definition in Eq. 1, Lon for the Japanese line
will be (230/100)% = 5.3 times larger. Since the Loy
range which meets the harmonic-limit specifications
0.03/0.004=7.5 (see Table 2) at V;,=230 Vac is larger
than the 5.3 range of the Loy change, the described
passive approach can be used to meet the specs in
the universal input-voltage range with constant input
power. Moreover, this approach can be extended to
meet the specifications in the universal input-voltage
range and a range of power. In fact, the theoretical
power range that meets the harmonic specifications
for the universal input-voltage range is 5.3/7.5=0.7,
t.¢., the specs can be met from full power down to
70% of full power. In practice, this range is signifi-
cantly wider because the inductance decreases as the
input current (power) through the inductor increases
(swinging-choke effect).

Generally, the value of the filter inductance is de-
termined from the highest rated input voltage (220-
240 Vac for universal input-voltage range) and the
lower limit of the input power range within the spec-
ification that needs to be met. However, the size of
the inductor is determined from the acceptable tem-
perature rise (usually 50°C) of the inductor at low-
line (90 Vac for universal input-voltage range) and
the upper power-range limit (rated, or full, power)
because the inductor copper loss is the highest at this
operating point.

Very often, for universal line-voltage applications
the rectifier is configured as a voltage doubler (7]
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Fig. 4: Circuit diagram of voltage-doubler rectifier
with LC filter: (a) dc-side inductor; (b) ac-side in-
ductor. Switch SW can be mechanical switch or elec-
tronic switch, i.e., autoranging circuit.

shown in Fig. 4. When switch SW is open (220- to
240-Vac power systems), the circuit operates as the
conventional full-bridge rectifier, whereas when SW
is closed (100- to 120-Vac power systems), it operates
as a doubler. To achieve the symmetry of operation
during both half cycles of the line voltage when SW is
closed, the dc-side inductor implementation requires
that the inductor be split in two halves, Fig. 4(a). The
two inductors can be wound on two separate cores
(noncoupled inductors) or on the same core (coupled
inductors) as shown in Fig. 4(a).

For the wide-range, full-bridge rectifier shown in
Fig. 1, the power loss of a filter inductor does not de-
pend on the inductor being placed on either the dc
or ac side. However, for the doubler configuration in
Fig. 4, the power loss of the inductor is substantially
less if the inductor is placed on the dc side. Namely,
at low line (90 Vac), when the rectifier operates in the
doubler mode, only one-half of the input power is pro-
cessed through each dc-side inductor Loy /2, while
the entire input power is processed through the ac-
side inductor 4t all times. Since inductor Loy /2 pos-
sesses only one-half of the total inductor resistance,
the power dissipation of both dc-side inductors is only
one-fourth of that in the ac-side inductor.

The voltage doubler configuration makes it possi-
ble to meet the specifications for a much wider input-
power range than that of the conventional full bridge
rectifier in Fig. 1. Namely, the variations of Loy with

line voltage V;, for the doubler circuit are four times
smaller than those in the conventional rectifier. This
is because when the circuit operates as a doubler, it
processes only one-half of the input power through
each inductor, which value is one-half of the inductor
seen in the rectifier mode. This four-time reduction of
the Loy range required to accommodate the input-
line changes can be used to increase the input-power
range in which the rectifier meets the harmonic-limit
specifications. The theoretical limit of this power
range can be calculated as (5.3/4)/7.5=0.18, i.e., the
power range is from full load down to 18% of the full
load.

Finally, it should be noted that the power factor
of the full-bridge rectifier with an LC filter designed
to meet the harmonic-limit specifications (i.e., oper-
ating in DCM 1 and DCM II) can be compensated
with input capacitor C; shown in Fig. 1. In fact, C;
can be selected to reduce the phase shift between the
line voltage and current, i.e., to increase displacement
factor K4. With a properly selected C; [3], [4], the
power factor can be brought into the 0.8 to 0.9 range.
However, for ideal V;,, source, C; has no effect on the
line-current harmonic content.

5 Evaluation Results

To evaluate the power loss (efficiency), size (volume),
and weight of the filter choke, a MathCad design op-
timization software was developed to facilitate the
selection of the core and wire size and to calculate
the number of turns and air-gap length. This evalua-
tion was performed using silicon-steel E-I laminations
for the core material [9]. The evaluation results for
the full-bridge rectifier in Fig. 1(a) are summarized in
Table 3, which lists the inductance, core size, num-
ber of turns, air-gap length, maximum power loss,
weight, and volume of minimum-size chokes neces-
sary to meet the current-harmonic specifications for
the range of rated (full) power from 75 W to 600 W.
It should be noted that the inductor designs assume
square stacks of E-I laminations, ¢.e., that the center
leg of the core is square. Table 3(a) shows the re-
sults for narrow-voltage-range power supplies (Euro-
pean line range 180-260 Vac) that meet the IEC 1000-
3-2, class D specifications at 230 Vac/50 Hz, while
Table 3(b) shows the results for power supplies oper-
ating in the universal voltage range (90-260 Vac) that
meet both the European specs at 230 Vac/50 Hz and
the Japanese specs at 100 Vac/50 Hz. To obtain a
design margin, the required choke inductances listed
in Table 3 are calculated assuming a minimum nor-
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Rated 180 - 260 Vac Rated 90 - 260 Vac
Pin T Core # of [Wire | Air Gap Pl‘:;‘s“ Weight| VoI, Pin 19 Core # of [Wire [ Air Gap Pi‘;““‘ Weilght ol
. 88
[W] || [mH]| Size | Turns | Size | [mils] [W} b} | [in?} [W] || {mH]| Size | Turns| Size [ [milq] [w}] [1b] [in3}
75 62.1 El-625 345 23 23.9 0.76 0.57 3.66 75 62.1 El-21 308 23 12.2 0.58 0.34 2.40
100 46.6 | EI-625 345 23 31.9 1.30 0.57 3.66 100 46.6 EI-21 308 23 16.2 0.97 0.34 2.40
150 31.0 BI-75 240 20 33.2 1.26 0.96 6.33 150 31.0 | EI-623 197 21 15.6 1.16 0.55 3,66
200 23.3 EI.75 240 20 44.3 2.16 0.96 6.33 200 23.3 | EI-625 197 21 20.8 1.95 0.55 3.66
250 18.6 EI-87 176 17 40.6 1.53 1.57 10.05 250 18.6 EI-75 137 17 18.1 1.18 1.00 6.33
300 15.5 BI-87 - 176 17 48.7 2.14 1.57 10.05 300 15.5 EI-75 137 17 21.7 1.59 1.00 6.33
350 13.3 EI-87 176 17 56.8 2.86 1.57 10.05 350 13.3 EI-75 137 17 25.3 2.07 1.00 6.33
400 11.6 EI-87 176 17 65.0 3.69 1.57 10.05 400 11.6 EI-75 137 17 28.9 2.62 1.00 6.33
450 10.3 [ EI-100 135 14 56.0 2.17 2.46 15.00 450 10.3 EI-87 101 14 23.9 1.69 1.64 10.05
500 9.3 ElI-100 135 14 62.2 2.63 2.46 15.00 500 9.3 EI-87 101 14 26.5 1.99 1.64 10.05
550 8.5 EI-100 135 14 68.4 3.14 2.46 15.00 550 8.5 EI-87 101 14 29.2 2.32 1.64 10.05
600 7.8 BEI-100 135 14 T4.6 3.69 2.46 15.00 600 7.8 EI.87 101 14 31.8 2.68 1.64 10.05
Table 4: Inductor specifications for voltage-doubler
(a) : rated
front-end power supply operating at V,7**¢¢ = 230 Vac
and minimum inductor size assuming square-stacked
Rated 90 - 260 Vac
in T Core | # of | Wire [ Alr Gap P T Welght ol. E-I cores.
[W] || imH]| Size | Turns | Size | [mils] [W} b} | [in3}
75 62.1 EI-T5 240 20 16.6 1.37 0.96 6.33
100 46.6 EI-75 240 20 22.1 2.26 0.96 6.33 : : M : : :
YT TP P L R N B v s e R are in the 98-99% range, which is significantly higher
200 23.3 EI-87 176 17 32.5 3.84 1.57 10.05 : : :
2% (156 [Braoo ] 38 T i T o008 than the efficiency that can be obtained by active-
300 15.5 | BEI-100 135 14 37.3 3.95 2.46 15.00 3 : :
350 13.3 | EI-125 106 11 34,3 3.28 4.81 29.30 Wa'veSha'plng Clrcults'
400 11.6 | BI-125 106 11 39.2 3.99 4.81 29.30 3 :
450 10.3 | EI-125 106 11 44.1 4.79 4.81 29.30 For the unlversa'l llne—VOItage range (Table 3(b))’
500 9.3 El-125 106 11 49.0 5.68 4.81 29.30 : .
S R R N e o E L[ the size and weight of the choke, at the same power
600 7.8 El-125 106 11 58.8 7.75 4.81 29.30

(b)

Table 3: Inductor specifications for wide-range front-
end power supply operating at V%4 = 230 Vac and
minimum inductor size assuming square-stacked E-I
cores: a) European voltage range 180 - 260 Vac, and
b) universal line 90 - 260 Vac. Rated Py, is the input
power which corresponds to the rated (full) output
power Plated,

malized inductance of Loy=0.0044, a value which is
10% larger than the theoretically calculated value of
0.004 given in Table 2. In addition, the minimum-size
choke designs listed in Table 3 are obtained assuming
that the maximum temperature rise of the choke is
less than 50°C' [8]. For the universal input-line, the
inductor design (wire and core size) is dictated by the
low-line (90 Vac) input current which is at its max-
imum. For the European line range the current and
choke power loss are maximum at V;, =180 Vac. To
accommodate the copper loss at low line and keep the
temperature rise below 50°C, the choke size is larger
for the universal-line designs than for the correspond-
ing European-line designs.

Table 3 shows that for the properly selected in-
ductance of the filter choke, its size and power loss
are relatively small. Specifically, for the European
line-voltage range (Table 3(a)), the power density
(Pftd [Volume) of the chokes is in the range of 20 to
40 W/in3, depending on the power level. Similarly,
the choke efficiencies (neny, = Ptted /(Prated 4. praz))

loss

level, are larger than for the European line range.
In addition, the choke power loss is also significantly
higher. In fact, for power levels exceeding 300 W, the
choke is large (30 in®) and heavy (4.8 Ib.).

Table 4 summarizes the choke designs for the
voltage-doubler rectifier in Fig. 4(b) which meet both
the European and the Japanese harmonic specifica-
tions at rated power. As can be seen comparing Ta-
bles 3(b) and 4, the power losses and the sizes of the
chokes in the voltage-doubler rectifier are significantly
smaller than those in the full-bridge rectifier. In fact,
chokes weighing 1 1b. or less can be used at power
levels of 400 W and below.

6 Experimental Results

The experimental verification of the described passive
approach for control of the line-current harmonics was
performed on a low-cost, 145-W, standard, desktop-
computer power supply with the voltage-doubler rec-
tifier with a mechanical switch (see Fig. 4). The
filter inductor was designed so that the power sup-
ply meets the harmonic current specifications at both
100 Vac and 230 Vac for the entire input-power range
from 75 W (minimum power specified in the IEC
1000-3-2 document) to the maximum input power
of around 200 W. Note that for a fixed maximum
(rated) output power, the maximum input power is
not constant; instead, it varies with the line volt-
age due to efficiency variations. Calculating Lo from
Eq. 1 for V;,=230 Vac, Pin(min)y=T75 W, fL=50 Hz,
and Lon=0.004, the minimum required inductance to
meet the specifications is Lo 56 mH. A choke with
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Vin = 230 Vac Vin = 100 Vac

Py TW] 537 ] 1463 Py TW] 541 | 1468

Pio (W] 75 ] 1974 T [W] 75 [ 2011

Harmonic IEC Measured Japanese Measured

Order Limits Harmonics Limits Harmonics

mArms/W mArms/W mArms/W mArms/W

3 3.4 3.28 2.84 7.82 7.3 6.41

5 1.9 1.6 0.86 4.37 3.47 1.99

T 1.0 0.53 0.34 2.3 1.07 Q.7

9 0.5 0.4 0.2 1.15 0.8 0.4

11 0.35 0.27 0.15 0.80 0.43 0.3

13 0.3 0.19 0.1 0.69 0.31 0.16
Table 5: Measured line-current harmonics of 145-

W standard, desktop-computer power supply with
voltage-doubler rectifier.

this inductance was built by fitting two windings with
127 turns each on a EI48*18.5 core (dimensions of
EI48 laminations are almost identical to EI-625 lam-
inations; 18.5 indicates an 18.5-mm thick stack) with
a 25-mil gap. Magnet wire with a size of 23AWG was
used for the windings. With this construction, the
choke temperature rise was kept below 50°C. The
weight of the choke is approximately 3/4 Ib. (0.34 kg)
and its volume is approximately 5.9 in® (96.75 cm®).

Table 5 summarizes the measured values of the 3rd
through 13th line-current harmonic. In addition, the
table lists the harmonic limit specifications at 230 Vac
and 100 Vac. The limits for V;,=100 Vac are ob-
tained by multiplying the V;,=230 Vac limits with
230/100=2.3. As can be seen from Table 5, the mea-
sured harmonics are within the specifications. The
measurements of the 15th through 39th harmonic also
showed the compliance with the specifications. It
should be noted that the 3rd harmonic at 230 Vac
and P;,=75 W has a 3.5% margin. This margin can
be increased by selecting a slightly higher Loy, i.e.,
a larger inductance Lo.

7 Conclusions

It was shown theoretically and verified experimen-
tally that the full-bridge rectifier with an LC filter
can be used to meet the IEC 1000-3-2, class D specifi-
cations. Generally, this passive harmonic-current con-
trol technique is most suitable for applications with
narrow input voltage ranges (European or Japanese
power lines). It also can be employed in power sup-
plies operating in the universal input-voltage range
(90-260 Vac) to meet simultaneously the harmonic-
limit specifications for both European- and Japanese-
type power lines. However, in the universal input-
voltage application, front ends with voltage-doubler
rectifiers (with manual or electronic switch) require
much smaller and lighter inductors compared to those
required for wide-range front ends.

The major advantages of the described passive
input-current waveshaping technique compared to ac-
tive waveshaping techniques are lower cost, higher ef-
ficiency, and relatively small size. However, the major
drawback of the passive harmonic filters is the rela-
tively large weight of the inductor. As a result, the
described passive approach seems attractive for power
levels below 300-400 W, especially for power supplies
with voltage-doubler rectifiers.
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