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Class E/F5; Tuned Power Oscillator

Tsuyoshi Inaba

Abstract—This paper proposes a Class E/F3; tuned power os-
cillator based on the Class E/F; amplifier. The oscillator has a
feedback-loop circuit and starts the oscillation in automatic. In
addition, the oscillator achieves zero-voltage switching and zero-
voltage derivative switching; therefore, the switching losses are
reduced under high oscillation frequency. Moreover, the third har-
monic tuned by providing a third harmonic series resonant circuit
reduces the switch voltage stress of the MOSFET sufficiently. The os-
cillator was designed, built and tested using an IRFR120Z power
MOSFET. Under the condition of the input voltage 6.003 V, follow-
ing results were shown: the measured oscillation frequency was
801.6 kHz, the output power was 0.9075 W, and the power conver-
sion efficiency was 86.24%.

Index Terms—Class E/F;, high frequency, tuned power oscilla-
tor.

I. INTRODUCTION

ECENTLY, due to the advancement of wireless commu-
Rnication systems, communication devices need to show
high-performance, be miniaturized, and have low cost. To down-
size these devices, miniaturizing the passive elements of the RF
power amplifiers is required. To meet such demand, these ampli-
fiers need to be operated at high frequency with high efficiency
[1], [2]. However, switching losses of the switching devices
increase at high frequency.

Class E amplifier [3]-[6] is one of the classes of the RF tuned
power amplifiers [7], [8] and maintains high efficiency even if
it is used at high frequency, which is achieved by zero-voltage
switching (ZVS) and zero-voltage derivative switching (ZVDS)
at the turning ON. However, the switch voltage stress becomes
high for the Class E power amplifier.

Class F amplifiers [1], [11], [12] have multiple resonant fil-
ters of the odd harmonics to control the finite number of the
harmonic components of the switch voltage and current wave-
forms. In the case of Class F power amplifier, the resonant filters
of the odd harmonics make the switch voltage square waveform
and the switch current half-sinusoidal waveform. On the other
hand, in the case of Class F~!, the resonant filters of the even
harmonics make the switch voltage half-sinusoidal waveform
and the switch current square waveform.

Applying the same technique of the Class F power amplifier
or the Class F~! power amplifier to the Class E amplifier, the
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Fig. 1.  Circuit topology of the Class E/F3 amplifier [20].

switch voltage or current stress can be reduced. Class E/F3
power amplifier [16]-[20], which is one of such amplifiers, has
a series resonant circuit tuned to the third harmonic component,
which reduces the switch voltage stress.

Class E oscillator [21]-[25] is expected in various places,
most notably in fluorescent lamp, dc/ac inverter, dc/dc converter,
plasma driver, laser driver, and so on. When a positive feedback-
loop circuit is applied to the Class E amplifier, the amplifier
operates as the Class E oscillator. The oscillator starts running
oscillation automatically when the input voltage is impressed,
and it achieves ZVS and ZVDS at the turning ON instant. The
Class E oscillator also has a disadvantage of the high switch
voltage stress.

In this paper, Class E/F3 tuned power oscillator is proposed.
The oscillator is based on the Class E/F3; amplifier, which
achieves ZVS and ZVDS at the turning-on instant. The Class
E/F; oscillator is expected to be used for applications similar to
the Class E oscillator, and low voltage stress is realized. Owing
to a series resonant circuit tuned to the third harmonic, the switch
voltage stress is reduced by about 22% compared to the Class E
oscillator. Therefore, the range of device selection is broadened
and a device with a small on-resistance can be selected.

In Section II, the circuit topology and the design equa-
tions of the Class E/Fs tuned power amplifier are reviewed. In
Section III, the circuit topology and an analysis of the Class
E/F; tuned power oscillator are shown. In Sections IV and V,
the simulation result and the experimental results are shown.

II. CLASS E/F3 TUNED POWER AMPLIFIER

Fig. 1 shows a circuit topology of the Class E/F3 tuned power
amplifier [20], which consists of an input voltage Viy, a radio
frequency choke RFC, a shunt capacitor C, a series resonant
circuit L3—Cs, a resonant inductor L, , a resonant capacitor C’,
and a load resistance 2. The inductor L, can be regarded as a

See http://www.ieee.org/publications_standards/publications/rights/index.html for more intormation.
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Fig. 2. Equivalent load network of the Class E/F3 amplifier at fundamental
frequency.

series connection of an inductor L and an inductor Ly, which is
a part of the series resonant circuit C'y—L s tuned to the operation
frequency f. Further, a series resonant circuit L3—C3 is tuned to
the third harmonic components 3 f. Therefore, the impedance of
the series resonant circuit L3—Cj is zero for the third harmonic,
and it is infinite for the other harmonics.

The optimum switch voltage waveform of the Class E/F;
amplifier fulfills Class E conditions. It is obtained by appropriate
design of the amplifier. Assuming the duty cycle D = 0.5, we
can use the waveform formulas from [20]. The switch current
ig for 0 < wt < 27 is

is(wt)
Iy + Io sin (wt + ) + I3sin3wt, [0 < wt < 7]
o, [r < wt < 27)
(1

where Iy is the dc input current, I is the amplitude of the
output current, ¢ is the initial phase angle of the output current,
and I3 is the amplitude of the current through the series resonant
circuit L3—C'3. The switch voltage vpg are shown in (2)

ups (wt)

0 0 < wt <7

I I
B % {wtw 33(1 + cos 3wt)

[m < wt < 27].
—Ip [cos (wt + ¢) + cos ¢] }
2)

Parameters for design are given as the initial phase an-
gle of the output current ¢ = arctan {187/(8 — 972)} =
—0.6105 [rad] = —34.98 [deg], the road resistance R =
0.6576V;% /Po, the normalized reactance of wL with R
wL/R = 0.9599, and the normalized resistance R with the re-
actance of 1/wC wCR = 0.2094 in [20, Egs. (21)-(23) ].

Fig. 2 shows an equivalent load network of the Class E/F;
amplifier at the fundamental frequency. The current through
the inductor L is sinusoidal waveform because the load qual-
ity factor ) of the series resonant circuit Cy—L; is enough
high. Impedance of the series resonant circuit C'y—L can be
regarded as zero for the fundamental frequency and infinite for
the other harmonics. Therefore, it is sufficient to decide the input
impedance of the load network at only the operation frequency
f.FromFig. 2, the fundamental component of the switch voltage
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TABLE I
COMPARISON OF THE CLASS E AMPLIFIER AND CLASS E/F3 AMPLIFIER IN
TERMS OF THE NORMALIZED VOLTAGE/CURRENT STRESS

Normalized Normalized
voltage stress current stress
Vps/Vin Is/Iin
Class E amplifier [9] 3.562 2.862
(D = 0.5)
Class E/F3 amplifier [20] 3.142 3.056
(D = 0.5)
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Fig. 3. Circuit topology of the Class E/F3 tuned power oscillator.

at the operation frequency vpg_; is
vps1 = —vo — v = —[Vp sin (wt + ¢) + cos (wt + ¢)]
= —Vpsasin (Wt + ¢ +¢) 3

where Vpg ;1 is the amplitude of the fundamental components of
the switch voltage, and ¢ is the phase angle of the load network
at the operation frequency which is ¢ = arctan (wL/R) =
arctan (0.9599) = 43.85 [deg]. Finally, we obtain

vps.1 = Vbs_1 sin (wt + 3.297). 4)

A comparison of the Class E amplifier and the Class E/F;
amplifier in terms of the normalized voltage/current stress is
shown in Table I.

III. CrASS E/F3 TUNED POWER OSCILLATOR

Fig. 3 shows a circuit topology of the Class E/F3 tuned power
oscillator. The oscillator consists of an input voltage Vin, two
dividing resistors R4 and Ry, a radio frequency choke RFC, a
switch S, a shunt capacitor C1, a series resonant circuit L3—C's
tuned to the third harmonic of the fundamental frequency, an
inductor Lo, a capacitor C5, a load resistance IR, and a feedback-
loop circuit composed of capacitors C31, C3s, and an inductor
L,. Here, the inductor L» can be regarded as a series connection
of an inductor L and an inductor L, which is a part of the series
resonant circuit Co—L tuned to the operation frequency f. The
switch on duty cycle D is fixed at 0.5 and the gate signal is
sinusoidal.

The ideal waveforms for the proposed oscillator are shown in
Fig. 4, where Iy is the input current, i¢ is the current through the
shunt capacitor C1, i3 is the current through the series resonant
circuit L3—C5, ig is the current through switch S, vpg, and v
are the drain—source voltage of the switch S, 7¢ is the output
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Fig. 4. Ideal waveforms for class E/F3 tuned power oscillator.
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current, and vgg is the gate—source voltage. Vy, is the threshold
voltage of the switch.

A. Optimum Operation Condition of the Class E/F5 Tuned
Power Oscillator

The design method of the Class E oscillator is given in
[21]-[25]. The Class E/Fs3 tuned power oscillator can be de-
signed with the same method as that of the Class E oscillator.

An equivalent circuit of the Class E/F; tuned power oscillator
is shown in Fig. 5, which is composed of the load network, the
feedback-loop, and the gate—source impedance of the switch.
The equivalent circuit is divided into A to I sections for con-
venience. We give the following assumptions for designing a
Class E/F; tuned power oscillator:

1) the switch S turns ON and OFF instantaneously. Switch .S

has infinite off-resistance ropr and no on-resistance ron;
2) the inductors Ly and L, have equivalent series resistance
(ESR), and the other passive elements have no ESR;

3) the series resonant circuit L3—C'; has zero impedance at
the third harmonic and infinite impedance at the other
harmonics;
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Fig. 6. Notation of the equivalent impedance, (a) a series equivalent

impedance, and (b) a parallel equivalent impedance.

4) the loaded quality factor @ of the series resonant circuit
L5-C5 tuned to the operation frequency f is high enough
to make the output current in sinusoidal waveform;

5) the shunt capacitance C includes parasitic drain—source
capacitance of switch S;

Fig. 6 shows a notation of the equivalent impedance, where
M and N mean arbitrary sections. Fig. 6(a) shows a series
equivalent impedance and Fig. 6(b) shows a parallel equivalent
impedance. Impedance z); and admittance Y} at the M section
are

Zv =7Tv A+ jru = |z |e’?M %)

1 1 1
Yy =—

5 T Jx 6
ZM Ry JXM (©)

where r,, is the series equivalent resistance, x; is the series
equivalent reactance, |2y | is the absolute value of the equivalent
impedance, ¢y, is an impedance argument, R, is the parallel
equivalent resistance, and X, is the parallel equivalent reac-
tance at the M section. Here, the reactance factor ¢j; to the right
of M section is given as
_ o _ B
M= T X

(7

From (5)—(7), the parallel equivalent resistance R); and the
series equivalent resistance rj; at the M section satisfy the
following relations:

Ry =1 (g3 +1) 3
= . 9
T & +1 9)

From (9), the reactance factor q,; is

L2V

M

qu =+ 1. (10)

A relationship between impedance arguments ¢, and @y is
shown in Fig. 7. The difference ;v is given by

(1)

YMN = $M — pN = arctanqy — arctanqy .

Equivalent circuits of the feedback-loop and the load network
in the stepwise aggregates are shown in Fig. 8.
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Fig. 8. Equivalent circuits of the feedback-loop and the load network in the
stepwise aggregates.

B. Design of the Class E/F3 Tuned Power Oscillator

Initial condition of the Class E/F3 oscillator is given as fol-
lows:

1) the output power is Pp = 1.000 [W];

2) the input voltage is Vix = 6.000 [V];

3) the oscillation frequency is f = 800.0 [kHz];
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4) the load resistance is R = 50.00 [€2];

5) the ESR rp4 of the inductor L, is assumed to be 1.000
[Q1;

6) the load quality factor @) is determined as Q = wL,/R =
12.

Some part of the output power flows into the feedback-loop
circuit. Therefore, the oscillator has to be designed with a value
greater than the output power Py in consideration of the power
delivered to the gate resistance of the MOSFET. The extended
output power P/, is

Py = Po + Poss + P, 12)

where P, 18 the losses consumed in the parasitic components
in the oscillator, and P, is the loss caused in the gate resistance
of the MOSFET. Assuming that the power conversion efficiency
is 7 = 90 [%], the extended output power P, is set to

P
Py ="2 = 1L111][W].
"

(13)
From the design equation of the Class E/Fs tuned power
amplifier and (13), the optimum resistance r¢ is
V2
re = 0.6576# =21.31[Q)]. (14)
0

From the design equation and (14), the reactance Xyp =

—1/(wC) of the shunt capacitance is

Xyt =

= —101.8[€). (15)

1
0.2004"¢
From the design equation and (14), the reactance factor gg of
the G section is given as

ra _ @l _ 4 9500
ra ra

qc = (16)

From (14) and (16), the reactance x¢ of the GG section is deter-
mined as
xa = qare = 2046 Q). 17

Substituting @ = 12 and r¢ = 21.31[Q2] into Q = wly/R, we
obtain

Ly = 96 _ 50,87 [um] (18)
w
and the reactance xp¢ in the F'—G section is
xpg = Q - g = 255.7[9Q). (19)

The ESR 775 = 0.6977 [Q] of the L, was measured by
the impedance meter (HIOKI 3531 Z HITESTER). Because no
resistive component exists except 779, 7g is obtained as

rp =rg — T2 — 20.61 [Q} (20)
From (17) and (19), the reactance xr in the F’ section is
Tp =g — TG = —235.2 [Q] (21)

Parallel resistance Ry is expressed by the load resistance
Rpp and the parallel resistance Rp in Fig. 8(d), i.e.,
1 . 1
Ry Rpr Rp

(22)
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where the resistance Rpp is equal to the load resistance R.
Power Pr consumed in section E is expressed as

Pp=FPo+Pp=PFo+ Pap+ Pa (23)

where the power P4 includes the power losses Pgjy, in the di-
viding resistors and the power loss P, in the gate resistance of
the MOSFET. The power Pp could be also expressed by

V2
Pp=-£
=R,
where Vj is the rms value of the output sinusoidal voltage vo .
The power Pp is similarly obtained

(24)

V?
Pp =Py + Py S

Rp
Parallel resistance R 4 is composed of parallel gate—source resis-
tance 4, upper dividing resistance 41, and bottom dividing

resistance Rgo

(25)

1 L 1 1
RA Rgs Rdl Rd2 .
Assuming that IRFR120Z [26] is selected as switch S, its
threshold voltage V4, is 3 [V]. Since the input voltage Vix =
6 [V]is given, the upper dividing resistance R;; and the bottom
dividing resistance R,y are equally 650.0 [k2]. Measured gate
input impedance 2, of IRFR120Z is

(26)

=12.20 — j434.4[Q).

Zgs = Tgs +j93gs = Tgs -7

wClys
(27)
Therefore, reactance factor g, of the gate—source is
Gos = = = —35.61. (28)
T'gs

From (8), (27), and (28), parallel resistance Ry is obtained as

Rys = 15 (1 4 q3,) = 15.48 [k€)). (29)

From (28) and (29), the parallel reactance X, is obtained as
ﬁ = —434.7[Q)].

Xos =
qgs

(30)
From (26), (29), and the dividing resistances R;; and Ryo, par-
allel resistance R 4 is determined as R4 = 14.78 [k€2]. When no
reactance component exists expect the switch in the A section,
ie., Xy = X, from (30), the reactance factor g4 is

Ry Ry

=24 =24 — _34.00.
X1 X,

qa (€19}

From (9) and (31), the resistance 74 is

r R

A= 5
(1+4%)

From (7), (31), and (32), the reactance x 4 is

=12.77[9)]. (32)

T4 = qura = —434.2[0). (33)

The maximum gate-to-source voltage Ve is determined to
10 [V], which is within the range of gate—source voltage of
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IRFR120Z [26]. The maximum current /4, through the A sec-
tion is
‘/gsm ‘/gsm

AENGEY S

Power loss caused by the ESR of the inductor L, is taken into
account for the design. From the initial condition 5), (25), (32),
and (34), the power Pp is estimated as

Inm = =23.02[mA]. (34

1 1
Pp =Pyp + Py = ilﬁmmg + §I§mm = 3.649 [mW].
(35)
From (23) and (25), the ratio k, of the power Pg to the power
Pp is defined by

P Po+Pp

o= f
" P Pp

= 275.0 (36)
where k, is also expressed by k, = Rp/Rg. Moreover, from

(22) and (36), the parallel resistances Rr and Rp are

Rr = Rpr <1 — k1p> =49.82[Q)] (37)
Rp = Rpg (k, — 1) = 13.70 [kQ]. (38)
From (10), (20), and (37), the reactance factor qp is
qg = — % —1=-1.190. (39)
From (16) and (39), the phase difference ¢ g is
Ype = arctan gp — arctan g = —1.637 [rad). (40)
From (37) and (39), the parallel reactance X is
Xp = % = —41.87[9). 41
From (20) and (39), the reactance z g is
xp =qprp = —24.53[Q]. (42)
From (21) and (42), the reactance z g is
xpr =xp —xp = —210.7[Q]. (43)

Because no reactance component exists in the D—F section,
Xp = Xg. From (38) and (41), we obtain

Rp Rp

= — = — = —327.2. 44
w=5 T X, (44)

From (9), (38), and (44), the resistance rp is

Rp
= = 0.1280 [Q]. 45
D 1+ q% [ ] (45)
From (44) and (45), the reactance zp is

Trp =(4pTrp = —4488 [Q] (46)

The phase shift of the fundamental component from drain to
gate of the MOSFET should be zero or 27n [rad] (n is an integer
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number). From (4), the phase difference ¢ 4 is set to

YAaG = PEq +Yop +paB
= ¢pg + (arctan go — arctan qp )
+ (arctan gy — arctangp) = —3.297 [rad].  (47)

Here, the reactance factor qp = -327.2 and ¢4 = 34.00 are
already derived. However, the reactance factor g¢, and gp are
unknown. Assuming that difference 6 between impedance argu-
ments is

f = arctan qc — arctan qpg (48)

from (31), (40), (44), and (47) the phase difference 6 is deter-
mined to

0 = arctango — arctanqp = Y1 — YEG

—arctan g4 + arctangp = —1.686 [rad]. (49)

When no resistance component exists in the B—C' section, R¢
= RB . i.e.,

rs (L+q%) =rc (1+42). (50)
From (32) and Condition 5) the ESR r 4 g of the inductor Ly =
1.000 [€2], the series resistance rp is

rp =14 +rap =13.77[Q]. (51)
When no resistance component exists in the C'-D section, i.e.,
ro = rp, from (50), the reactance factor qp is

2 (

g = £ 1+¢2) -1 (52)

From (45), (49), (51), and [23, eq. (A16)], the reactance factor
qc is

1 B
— (1 20) —1| = 10.
tan&{ TD( + tan” 0) } 0.36
qc = (53)
L LB(1+tam?9)—1 = —10.56
tané D n T
From (45), (51), and (53), the reactance factor ¢p is
+ :—D (1+q2) — 1 = £0.08358
a5 = _ (54)
4/ (14 g3) — 1= +0.2127,
B
From (53) and (54), the solutions applicable to (49) are
qp = 0.2127 (55)
qc = —10.56. (56)
From (51) and (55), reactance x g is
B = (dBrp = 2.929 [Q] (57)
From (33) and (57), reactance x 4 is
A =T — XA 2437.1[9]. (58)
From (51) and (55), the parallel resistance Rp is
Rp =rp (1+qp) = 1439[Q). (59)
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From (59) and (55), the parallel reactance X is

R
Xp = =2 =67.65[Q). (60)
qB
From (59) and (56), the parallel reactance X is
xe = fo _Bs 630, 61)
qo qo
From (60) and (61), the parallel reactance Xp¢ is
XpXc
Xpo = ———— = —1.336[Q]. 62
BC T XX [ (62)
From (45) and (56), the parallel reactance x¢ is
xo =qere = qorp = —1.352[Q). (63)
From (46) and (63), the parallel reactance x¢ p is
Top = ITp — X = —43.53 [Q} (64)

Capacitances and inductances are determined by the above-
mentioned equations. The output capacitance of IRFR120Z Cy,
is 17 [pF] [26]. From (15), the capacitance C} is

1
= — Cys = 1.937 [nF]. 65
1 WX ds [H } (65)
From (43), the capacitance C} is
1
Cy = ’ = 0.9440 [nF|. (66)
WAEF
From (64), the capacitance C'3; is
Cs1 = ‘ = 4.570 [nF]. (67)
wTep
From (62), the capacitance C3s is
= |———| = 148.9 [nF].
Cso ’UJXBC 8.9 [nF] (68)
From (58), the inductance L, is
Ly = 248 — 86.96 [pH]. (69)
w

The resonant circuit L3—C5 has zero impedance at the third
harmonic. Constraints of resonant circuit L3—C} is
1
w? = .
9L3C3
Determining the capacitance C3 = 100.0 [pF], the inductance
L3 becomes 43.98 [H].

(70)

IV. SIMULATION RESULTS

To confirm the designed circuit operation under the ideal con-
dition, the designed Class E/F; tuned power oscillator was sim-
ulated with LTspice 4.23 h. The switch parameter contains the
threshold voltage V;, = 3.0 [V], the drain—source capacitance
Cqs = 17.00 [pF], the gate—source resistance r,s = 12.20 [£2],
and the gate—source capacitance Cys = 0.4580 [nF]. The simula-
tion waveforms are shown in Fig. 9. In Fig. 9(a), the input current
was almost constant, which was nearly 176.3 [mA]. In Fig. 9(b),
the switch voltage waveform vpg achieved ZVS and ZVDS at
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Fig. 9. Simulation waveforms, (a) the input voltage Vin, (b) the third har-
monic component current i3, (c) the switch current ig, (d) the drain—source
voltage vpg, () the output voltage v( , and (f) the gate—source voltage v g .

turning ON. And the switch voltage stress Vpg was 19.05 V,
which was about the same to the theoretical switch voltage stress
Vbs = 18.90 [V]. In Fig. 9(c), the third harmonic component
current 73 was in sinusoidal waveform, which had three times
the frequency of the operation frequency. The amplitude 73 of
the third harmonic component current was ideally 78.60 [mA];
however, in the simulation I3 was nearly 115.0 [mA]. The differ-
ence in the amplitude of the third harmonic component current
is due to the difference between the theoretical value and the de-
signed value. The output voltage vp was in sinusoidal waveform
under the load quality factor Q = 12 as shown in Fig. 9(d). In
Fig. 9(e), the switch current 7g almost achieved ZCS at turning
ON. The gate—source voltage vgg was also in sinusoidal wave-
form centered on the threshold voltage V4, as shown in Fig. 9(f).
From Fig. 9(d) and (f), it can be seen that the phase difference
between the output voltage and the gate—source voltage was
—1.738 [rad], which was about the same as that of the theo-
retical phase difference o p = Ya¢ — e = —1.660 [rad].
The simulation waveforms and the ideal waveforms were in
good agreement. The power conversion efficiency was 94.61
[%] and the operation frequency was 800.0 [kHz].

V. EXPERIMENTAL RESULTS

To confirm the circuit operation, a Class E/F; tuned power os-
cillator was built and tested. Experimental parameters are shown
in Table I1. Experimental waveforms of the input voltage Vi, the
output voltage vo, the drain—source voltage vpgs, and the switch
current ig are shown in Fig. 10. The theoretical values, the
simulation, and the experimental results are compared in
Table III. In Fig. 10, the input voltage Vix was almost constant.
The output voltage vo was in sinusoidal waveform, whose RMS
value Vorms was 6.693 [V] and the frequency was 801.6 [kHz].
The power conversion efficiency was 86.24 [%]. The RMS value
of the output voltage Vorms and the power conversion efficiency
were lower than the theoretical value due to the ESRs of the
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TABLE II
EXPERIMENTAL PARAMETERS

Theory Measured Difference
(ESR [©2]) (ESR [©2]) [%]

R [kQ] 650.0 674.0 +3.692
Ry [kQ] 650.0 686.3 +5.585
RFC [mH] 2.200 2.247(0.5921) +2.136
Cy [nF] 1.937 1.816 (0.3089) —6.247
Ly [p H] 50.87 49.81 (0.6977) —2.084
C'5 [nF] 0.9440 0.9165 (1.354) —2913
Lj [ H] 43.98 45.65 (1.002) —3.797
C3 [pFl] 100.0 97.31 (0.5267) —2.690
R [Q] 50.00 49.36 —1.270
C'3y [nF] 4.570 4.513 (0.1220) —01.247
C39 [nF] 148.9 148.3 (0.3497) —0.4030
Ly [pH] 86.96 (1.000) 85.37 (1.046) —1.828 (+4.600)
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Cht. DC coupling. 1.OE1 V/div, 25E-7 s/
Ch2, DC coupling, 1.0E1 V/div, 25€-7 s,
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Chd, DC coupling, 5.0E1 A/div. 2.56-7 sf/div. 2500 points, Sample fode

Fig. 10.  Experimental waveforms of the input voltage Vix , the output voltage
Vo, the drain—source voltage vpg, and the switch current g, Vin: 10 V/div,
vo : 10 V/div, ig: 500 mA/div, horizontal: 250 ns/div.

TABLE III
CALCULATED VALUE OF THE OSCILLATOR, SIMULATION AND EXPERIMENTAL
RESULTS
Theory  Simulation  Measured
Vps [V] 18.90 19.05 18.20
Is [mA] 565.9 541.9 450.0
f [kHz] 800.0 800.0 801.6
Vin [V] 6.000 6.000 6.003
Iix [A] 0.1851 0.1763 0.1753
Pix [W] 1111 1.058 1.052
Vorwms [V] 7.071 7.075 6.693
Po [W] 1.000 1.001 0.9075
1 [%] 90.00 94.61 86.24
pap [rad]  -1.660 -1.738 -1.772

passive elements and the switch ON resistance ron. The switch
current ¢g almost achieved ZCS at turning ON, and the switch
voltage waveform vpg achieved ZVS and ZVDS at turning ON.
The theoretical, simulation, and experimental waveforms of the
switch current and the switch voltage were in good agreement.
The switch voltage stress Vpg was 18.20 [V], and it was close to
the theoretical and simulation values. The switch current stress
Ig was 450.0 [mA], which was lower than the theoretical and
the simulation values. It could be caused by the decreasing of
the output current 7. Experimental waveforms of the input
current /1y, the shunt capacitance current ¢¢1, and the third
harmonic component current 73 are shown in Fig. 11. The aver-
aged amplitude I3 of the third harmonic component current was
nearly 76.21 [mA]. Ringing in the capacitor current waveform
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Ght, DC coupling, 1.0E<1 A/div, 25E-T sydiv, 2500 points, Sample mode
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Fig. 11.  Experimental waveforms of the input current /1y, the shunt capaci-
tance current i ¢ , and the third harmonic component current 3, I1x : 100 mA/div,
ic: 200 mA/div, i3: 100 mA/div, horizontal: 250 ns/div.

ic1 could be caused by the resonance of the equivalent series
inductance of the line and the drain—source capacitance Cys of
switch S.

VI. CONCLUSION

The Class E/Fs tuned power oscillator has been proposed.
Class E/F5 oscillator satisfies ZVS and ZVDS at the turning
ON instant, which decreases the switching loss. Moreover, the
voltage stress of the switch is lower than Class E tuned power
oscillator. The circuit operation has been verified by simulation
and circuit experiment. The experimental results show good
agreements with the theory and the simulation results. In the
circuit experiments of the proposed oscillator, the measured
oscillation frequency was 801.6 kHz, the output power was
0.9075 W, and the power conversion efficiency was 86.24 %.
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