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A Physically Based Analytic Model of FET Class-E
Power Amplifiers—Designing for Maximum PAE
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Abstract—In this paper, we present a new Class-E power- Vdd

amplifier model. Through a physically based analysis, our novel
approach yields closed-form expressions for input, output, and
dc power. These expressions yield the important figures-of-merit RFCH l
[gain, drain efficiency, and power-added efficiency (PAE)]. Using Ioc @) ¢ | 4 X0
standard device parameters, design optimization for maximum - | —rn—
PAE follows directly from the analysis and applies to both in-
tegrated and discrete transistor implementations. For integrated S
designs, the optimal FET aspect ratio can be determined, given [
the design variables of the Class-E output network (output power, Cd::l Vd(0) R §
frequency, supply voltage, and loaded? of the output resonator). Vs(6)
In a discrete transistor application, the Class-E network can be 1d(8)  |[le(8) -
optimized for one of the design variables. The detrimental effects
of the device parasitics on the amplifier's performance at UHF
and microwave frequencies are accounted for in the model and
explained in this paper. We verified the validity of the model by Fig. 1. Single-ended FET Class-E resonant tuned power amplifier.
comparing our computed values against those from simulations

using an optimized 0.5xm CMOS level-3 SPICE model. 14(6), Va(6) V(o)
’ d
Index Terms—CMOSFET power amplifiers, FET amplifiers,
microwave power FET amplifiers, MOSFET power amplifiers,
switching amplifier, UHF power amplifiers.
I. INTRODUCTION 14(6)
HE recent proliferation of the wireless (cellular) com- T Vamin | LT
munication industry has rekindled interest in the Class-E < F— 1 Pt ;
tuned power amplifier for high-efficiency transmitter applica- 0 2 o4 6 8 6 (ad)
tions. Most of the recent work focuses on practical design  ¢(8) =Ioc (1 +’<"2 sing - cosd), 0 <6 <m
issues, but for the most part, neglects theoretical analyses that 4@ =0 w<6<2n
could explain some of the difficulties encountered at high Va(6) = Ioc Rs (1 + 1/2 sinB - cosB) + Vamin, 0 < 6 <1t
frequencies. Vd(8) = Ipc/mCd (6 - 3n/2 - /2 cose - sind)
The lack of new theoretical treatments may be attributable in + Vdmin + 2 IDCRs, 1 <8 <2n

part to the fact that the SWi_tChed'que operation .Of the qa%*?g'. 2. Class-E drain current and voltage waveforms and equaftignan(d
E amplifier does not lend itself easily to conventional circuit, are the duals of those from [3ymin and I4(¢)R. are new in this
analysis techniques. Additionally, there exists an extensiggalysis).

collection of theoretical work by Sokal and Sokal [1], Raab aqglig_ 2 [3]. In Fig. 2, we added additional terms to account for

Sokal [2], Kazimierczuk [3], [4], Kazimierczuk and Puczkqpe yoitage drop across the source resistance and for the finite

[5], and Raab [6]. drain voltage during conductiofVy ). The values of the

_The single-transistor Class-E amplifier topology, shown ig,i + network elements for Class-E operation are given in
Fig. 1, consists of an FET, RF choke, and output netwo%me I [1].

comprised of a shunt capacitor and a sefR<C circuit that A priori designability (i.e., the Class-E amplifier can be

appears inductive at the driving frequency. Thorough der_iya'esigned without knowledge of the transistor’s characteristics)
tions .and explana'u_ons of. the Class-E operation (_:on_d|tl%1as shown to be valid at low frequencies (3.9 MHz) [1],
(nonsimultaneous high drain current and voltage) exist in the, it js not generally realizable. At high frequencies, the
literature [1]-[6]. Waveforms for the drain current and voltag§e,jice parasitics and resultant degradation in transconductance
and their associated mathematical expressions are Show%éoerely impact the circuit's performance. Consequently, the

Manuscript received August 24, 1998. This work was supported by tiideal switch model of the transistor (which is the foundation

Nokia Corporation and by the State of California under the MICRO Progrargf the a priori approach) needs to be reevaluated.
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TABLE | frequency increases. First, it neglects the input power required
Cuass-E DesIGN EQUATIONS [1] to drive the active device. Therefore, in general, the ideal
Class E Quiput Network Design Equations switch model cannot be used to estimate gain. Additionally,
] e, it fails to model the transistor’s finite transconductance. This
Pou Design output power IocR .. . . .. . .
8 omission leads to inaccurate drain efficiency estimates at high
R Load resistance Bv frequencies.
Pz’ +4) The ideal switch model is based on the premise that the
X _ Vi —4) active device has zero resistance while conducting current. The
Vs | o ductance 20Pu( +4) characteristic high t duct d low- terminal
il T gh transconductance and low-source termina
. Fesonator industor sQV:, resistance of a wide channel device allow for low drain voltage
0P (T +4) during conduction. Thea priori approach, therefore, suggests
- Resonator capactance Pz ) that it is a_Iways best to use an FET with an extremely high
8wvi,Q, aspect ratio.
P However, as the driving frequency increases, a large FET
C Shunt capacitance v, will require considerable drive power to charge and discharge

its substantial input capacitance. Even at high frequencies, a
Class-E amplifier using a large device may yield high drain
efficiency. The problem is that this amplifier will most likely
the finite transconductance of the transistor. In addition, obave low gain.
model overcomes the ambiguity in analyzing the switched- On the other hand, using a significantly smaller device to
mode operation of the active device in the Class-E amplifigfrive the same Class-E output network will require less input
We make the analysis of the physical operation of the devipewer and, therefore, may have higher gain. However, its
tractable by applying separate models for the on and ddfwer transconductance, higher source terminal resistance, and
states of the transistor. In the computations, we use deviesultant higher drain voltage during conduction will lower its
parameters from the level-3 SPICE model (see the Appendddain efficiency.
and measured values for the parasitic resistances that were n@learly there is a tradeoff between high gain and high drain
included in the SPICE modeél. efficiency. In our analysis, we examine how the transistor’s
Despite the large body of existing works (to the begtarasitics and limited transconductance affect gain and drain
knowledge of the authors), no one has considered the effefficiency. By formulating expressions for input, output, and dc
of the parasitic elements present on the input side of thewer, we construct a coherent model that allows optimization
Class-E amplifier until now. Furthermore, we propose a nefer maximum PAE.
explanation for the effect of the series source resistance. The following analysis is restricted to FET's. A detailed
In what follows, we will demonstrate that priori design analysis for bipolar transistor Class-E amplifiers is the topic
of MOSFET Class-E amplifiers does not apply at cellulasf a future paper. In this analysis, we assume that the parasitic
band frequencies (900 MHz). It will become apparent that tlrapacitances are proportional to channel width and that the
nonideal characteristics of the active device play a substassistive parasitics scale inversely with the width dimension.
tial role in the performance of the amplifier. Therefore, wiVe assume that the length of each gate finger is fixed and that
will examine how the parasitics and marginal high-frequendiie FET is laid out in an interdigitated structure. Our other
transconductance of n-channel MOSFET's affect gain am@sumptions include: ideal load transformation (to meet the
drain efficiency. Class-E design value, see Table 1), 50% duty-cycle, loaded-
We will show that simultaneous high gain and drain effief five, ideal reactive elements, and only linear capacitors.
ciency are difficult to achieve using this device technology
at these frequencies. Consequently, power-added efficiency
(PAE), rather than drain efficiency, will be used as the ag Input Power

propriate figure-of-merit. We will also present a method for The input power derived here is the input power delivered

determining the optimal FET aspect ratio that yields maximugg the input circuit. The source is represented in Figs. 1 and
PAE given a Class-E output network designed for a particulg(a)_(c) by the ideal voltage sourdé.

set of design parameters. Using essentially the same approackig. 3(a) shows the equivalent circuit of the FET Class-E

we will also show that given a particular aspect ratio (the caggnplifier with the relevant parasitics. Instead of an ideal

of a discrete FET), it is possible to find the optimal outpWwitch, our model employs a finite transconductance element

power at which to design the Class-E network. for the active device. In order to simplify the analysis, the
source terminal resistance is bypassed for the gate-to-source
Il. A NEwW CLASS-E AMPLIFIER MODEL and drain-to-source capacitances. The comparisons of the

The ideal switch model becomes inadequate to descritfdevant computations (input power, output power, PAE, etc.)

the performance of the Class-E amplifier as the operatifjoW that connecting these capacitances directly to ground

) i does not significantly impact the accuracy of our model.
1The MOSIS Service, “MOSIS parametric test results,” Run N8AK,

Vendor: HP, Feature size: OiBu\m, File: NSAK. [Online]. Available HTTP: The source termmal reS'StanC.ES) consists of Interconnect
http://www.mosis.org/html/hp-amos14tb-prm.html resistances (ohmic contact resistance, bond wires, and leads).
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Fig. 3. (a) Complete equivalent FET Class-E amplifier circuit. (b) Equivalent input circuit for positive half of input é¥gclagglected). (c) Equivalent
input circuit for negative half of input cycleR; neglected).

Is

The series gate resistan¢&,) has the same constituents ashrough the device. The current flowing in the shunt capacitor
the source resistance, but also includes the poly-silicon shé@t;) generates a voltage pulse on the drain (Fig. 2). We
resistance. approximate the drain voltage with a sinusoidal pulse of am-
The value of the gate-to-drain bridging capacitai€gs) plitude equal to that of the actual pulse. Thus, the impedance
depends on the FET’s mode of operation. When the FET leoking into the bridging capacitor [see Fig. 3(c)] is given as
cut off, Cyq consists of only the overlap capacitan@é,.).

When the conductive channel is enhanced between the source 7z — Ves = _ Vs ] )
and drain,C,, consists ofC,, plus half of Cy.. I jwCeao(Ves + Vamax)

e maximum drain voltagéVy ,,,,x) can be computed from

at its threshold voltage. Thus, during the positive-going ha . . cem
g g s going e voltage equation given in Fig. 2 as follows:

of the sinusoidal inpuf0<# < =), the FET is active, and !
during the negative halfr<# < 2r), it is cut off. We bC
perform the input power calculation in separate parts to model Vimax = 1135~ + Vamin + 2Ipc .. 3
the switched-mode operation of the device. Each part of the ¢
analysis uses a different equivalent circuit representing eithEne gate-to-source voltage is written as
the active or cutoff state of the FET.

1) Positive Half of the Input Cycl@<6é < «): For sim- Vi = Vs .
plicity, we assume that the drain voltage is constant during 14+ By + jwR,Cy
the positive half of the cycle. This allows us to adgy and Z

Cys in parallel. The .input circuit thep simplifies. to a seriegpstitution of (2) into (4) yields an expression fo, in
connection of a resistor and capacitor [see Fig. 3(b)]. Th&ms ofy, and the other quantities. The curréi) flowing

In order to give a 50% duty-cycle, the device is dc biaseE1

(4)

power drawn during this interval is as follows: into the circuit is simply the difference betwedn and V,
divided by R, [see Fig. 3(c)]. The power drawn during the
P 1R [V I*} V2 R, [W(Cgs + ngo)} ) negative half-cycle can then be expressed as
nl = el Vs = .
4 s 4 2
1+ [@Ry(Cos + Cao)] p Ve @PRy(Cet Cyao)
n2 — -
4 2
2) Negative Half of the Input Cyclér<f# < 2x): The 1+ [ng(Cgs +ngo)}

gate-to-drain bridging capacitance makes this calculation more

complicated. While the FET is cut off, no current flows X[VS(CgSJngd")JrV‘“““ng“] ®)
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TABLE 1l 0.84 L L
LEVEL-3 SPICE RRAMETERS AND PARASITIC RESISTANCE =
/a’
Spice Parameters and Sheet Resistance 071 y
, Intrinsic 2.00%10 *( AV 0.6 P o
K transconductance ) g Y
= 0.5
Bulk mobility 546 ( em?/Vs) 5 b
2 04 o
Cevo Gate to drain overlap cap.| 3.05% 10 "“( F/m) o o
™ 3
Do POI)II-S|!|cAonu’s:eet ].Q(Q/Avquare) ‘_% 0.3
Metal y 0.2
Fm resistance 007( 'Q/ square ) —o—Pin ET heoretical)
> Ry IS AL,
p | MRS o e nger ) h(Spo)
0 — T T T T
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Finally, the total power delivered by the source is the sum of n (# of Gate Fingers)

(1) and (5) as follows: Fig. 4. Input power (900 MHz, 1 W) versus number of gate fingers.

po_ E wQRg(CgS + Cado)
m — 2
1+ [“’Rg(cgs + ngO)}

4
X |:2V:9(Cgs + ngo) + Vd maxcgd0:| . (6)

Since we assume that the FET has an interdigitated structure,
it is more natural to express the resistance and capacitances +
in (6) as functions of the number of gate fingets We
define the width and length of a single finger BS and
L, respectively. By doing this, the gate capacitances will
be directly proportional to the number of fingers. The gate
resistance will be inversely proportional te, except for
the fixed packaging and interconnect resistange These
expressions are given as follows:

Vs(6) V()

Fig. 5. Equivalent FET circuit includind?, .

1 ate W g
Rg =Tm+ — pgt%""Tc :7’m+7_g
n 3L n . - . .
K'WL power can be simplified to a linear function ofas follows:
Ogs =n 1 = NCgs po— 7’Lw2V5 7’g(cgs + cgdo)
ngo = HCGD()W = NCgdo- (7) ! 4

1+ [W’g(cgs + cgdo)} ’

In (7), K'(A/V?) and p (cm?/V/s) are the SPICE model
parameters for intrinsic transconductance and bulk carrier
mobility, respectively.Cgno is the SPICE parameter forThe plots of the simulated and modeled results [from (6)] for
the gate-to-drain capacitance per unit gatewidth. The polyput power as a function of the number of fingers are indeed
silicon sheet resistance is denotedAy.. (€¥/square), and. quite linear (Fig. 4). Both here and in what follows, the length
(Qffinger) is the metal-to-poly contact resistance. The factand width of each finger will be assumed to be 0.5 and 125
of 1/3 for the gate resistance provides an equivalent lumpgeh, respectively.
resistance for the distributeldC network [7]. The values of
the parameters above were taken from the optimized leveg3 DC Current in Terms of2s—The Effect of2s
SPICE model, and the measured valuepgfe, 7., andr,,
are from MOSIS (Table II).

Now we can re-express the input power in termsnoés
follows:

X |:2‘/5(Cgs + ngo) + ‘/dmaxcgd0:| . (9)

In our analysis, we model the transistor as a voltage-
controlled current source, where the controlling voltages are
the gate-to-source and the drain-to-source voltages. This model
allows us to compute the dc current drawn by the circuit as
well as the finite drain-to-source voltage during conduction
(V:imin)-

Since the drain of the FET is connected to the dc supply by
an RF choke, the average drain voltage must equal the supply
voltage. Integration of the drain voltage [here, thg6)R,

In general, the fixed resistance is much smaller than the otlieop must be included (see Fig. 5)] over one cycle, and some
components of the gate resistance. By neglectjpgthe input algebraic manipulation yields the following expression for

n(nrm +74) (Cgs + Cgdo)
4 1+ w(n?r7, + 2nrmrg +12) (Cgs + Cgdo)?

X |:2‘/5(Cgs + ngo) + ‘/dmaxcgd0:| . (8)
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Fig. 6.
and voltage waveforms withou®,.

(va(0)) = % [/; <Vdmin+fd(9)R5> do

27
+ / (Vd(e) + ‘/dmin + Id(W)RS) do

= Vua

chd(‘/dd - Vd min)

= Ipc=
be 1+ 27rwR.Cy

Drain Voltage (V)

Drain Voltage (V)

(a) Drain current and voltage waveforms with. (b) Drain current

Assuming that the FET remains in the triode regidfy, <
Ves — V2), the familiar FET current equation relates the drain
current toVg and V. as follows:

Iy(m) = K2/—LW [QVgS(W)VdS(W) — Vds(ﬂ)2:| =2Ipc. (12)

The amplitude and phase of the gate-to-source voltage relative
to the input voltag€V;) can be computed from the equivalent
circuit shown in Fig. 5

Vsl
\/1 + [w(Rg 4R (Cs + cgd)]2

IVl =y = arctan[—w(Rg +R,)(Cye + ng)} (13)
Ve (0) = [V |sin(6 + x) — La() R, 14)

Vel =

7

Initially, the voltage drop acrosB; due tol,(#) is neglected
in the derivation of (13), but is later accounted for in (14).
After substituting (10), (11), and (14) in (12) and collecting
terms, the solution fo/;,,;, is just that of a quadratic as
follows:

b+ Vb?% — dac

2a
a=1-27rwR,Cy

Vd min —

b =2|2mwR,Cy[Vaq — V()]

Vs (7)

L
— ZWWCdW —

L
Cc = 47erd—Vdd.

KW (15)

2) DC Power: The dc power is simply the product of (10)
with the supply voltage

7I-L‘-)C(d(‘/dd - ‘/dmin)
1+ 27wR,Cy

Ppe = IpcVaa = Vaa.  (16)
The plot of (16) in Fig. 7(a) shows how the dc power varies
with n.

C. Output Power

In order to compute the power delivered to the load, we first
calculate the output current. The current flowing in the output
resonator shown in Fig. 1 is the sum of the FET and shunt
capacitor currents minus the dc current. Since we are primarily

This expression shows how the dc current is affected by theerested in the fundamental component of the output current,
source resistance. The plots of the drain current and voltageurier analysis will produce the desired coefficients.

in Fig. 6(a) and (b) illustrate that theource resistance is not

The output current must be computed in separate parts as

simply a dissipative elemgrats assumed earlier in the literaturgvell. Again, we will analyze the two regimes corresponding
[2], [8]. Instead, it also has the effect of limiting the dc currento the active and cutoff modes of the FET.

drawn from the supply.

1) ComputingVy min: The minimum drain voltagéVy i)

1) Output Current{0<6 < «): During this interval, the de-
vice current is described by the equation given in Fig. 2. The

remains as an unknown in (10). It can be computed by solviegrrent flowing in the shunt drain capacitor is proportional to

the FET drain current equation f&f;,,;,. We definedV, ,,in
as the drain-to-source voltage during conduction; hence,

Vds (W) = Vd min-

the derivative of the drain voltage (Fig. 2)

dVa(8)
dé

L.(0) = wC, — wOyIpc R, (g cosd + sin 9). 17)
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A phase shiff ¢) between the switching cycle and the output

081 current arises from derivation of the drain current [6]. This
07 phase must be included in the analysis since it arises from the
06 derivation of Class-E equations [1].
s ‘ The sine and cosine of this phase angle are the useful
%% quantities in the derivation of the output power expression
5 0.4
Q . ™
ao3 sm<p:—7r2—+4 Cos<p27r2—+4. (22)
02479
—o— Pdc (Theoretical) . .
01 o P e 5 Using (18), (20), and (21), we can compute the Fourier
ol integrals.
0 25 50 75 100 125 150 175 200
n (# of Gate Fingers) . 1 27
Cosine Term: a; = — I (0)cos(6 4+ ) do (22)
(@) T Jo
IpcwR,C,
07 : =a; = 7Dcw4 4 \/r2 44 (23)
0.6
The sine term is calculated in an analogous fashion.
05
=3
G 0.4 . 1 2w
g Sine Term: b, = — / 1wt (6) sin(6 + @) df (24)
o T Jo
= 0.3
2 IpcvrZ+4
3,,] o py = DOV A (25)
- 2
or] f o e . . .
' i With these coefficients, the output current at the fundamental is
0 T ™ T T T T T
0 25 50 75 100 125 150 175 200 Iout (9) |fundamenta1 =a COS(Q + <P) + bl sin(9 + 90)- (26)

n (# of Gate Fingers)

b .

() Finally, the output power becomes
Fig. 7. (a) DC power (900 MHz, 1 W) versus number of gate fingers. (b)
Output power (900 MHz, 1 W) versus number of gate fingers.

2 2
Po = % IL(O)PR = ”THI]%CR 1+ <%) .
Using (17), the output current during the first half-cycle
becomes (27)
Lout(8) = La(0)+1:(6)—Inc If the source resistance is neglected, the output power reverts

= Ipc [(Z_i_szcd) sin 6+ <7WRst _ ) cos 9} ~ back to the form originally derived in [1] (Tabl_e ). Th_e pl_ot of
2 2 the output power versus the number of gate fingers in Fig. 7(b)
(18) shows that, beyond a certain limit, there is little advantage in

_ . . using larger devices. In fact, since the input power increases
2) Output Curreni(w<¢ < 2): While the FET is cut off ginact linearly with the number of gate fingers, using an
(n<8 < 2u), the device current is zero and, once again, thg cessively large FET will adversely affect gain. It is also
shunt capacitor current is equal to the derivative of the VOItaﬂﬁeresting to note that the inclusion of (10) in (27) eliminates
across the shunt capacitor the need for a separate calculation of the power dissipated in
L(6) = Inc (1 I T Gind — cos 9)7 r<6<2r. (19) R,. This _reductlon in output power is automatically taken into
2 account in (27).

Here, the output current is

Iow(0) = 1.(8) — Inc I1l. DESIGN OPTIMIZATION

= Inc (ﬁ sinf — cos 9), <0 <2n. (20) Now that the power relationships have been derived, we are
2 prepared to compute gain, drain efficiency, and PAE. As we
3) Fourier Analysis: The 1,(8)R, voltage drop during the proceed with the derivations, we will show that an FET that
conduction interval introduces a quadrature component to theduces high gain may suffer from low drain efficiency and
sinusoidal output current. Therefore, the cosine term shouldViee versa. Consequently, our methodology entails finding the
included in the analysis although its contribution to the outpbest compromise between gain and drain efficiency, i.e., we
power may be relatively small. optimize the design for maximum PAE.
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Fig. 8. (a) Gain (900 MHz, 1 W) versus number of gate fingers. (b) Drain efficiency (900 MHz, 1 W) versus number of gate fingers. (c) PAE (900 MHz,
1 W) versus number of gate fingers. (d) PAE (900 MHz) versus designed output power: 25 gate fifigérs=(125 pm/0.5 pm).

A. Gain in achieving high gain that is problematic. Therefore, we

To be precise, we are referring to operating power gain singf1Phasize the importance of achieving high PAE rather than
the input power is derived in (6) and the output power in (279 drain efficiency. _ o
is the power delivered to the load. The operating power gainl) Drain Efficiency: Like output power, drain efficiency
is, therefore, the ratio of (27) and (6), shown in (28), at tHacreases rapidly with the number of gate fingers, and then
bottom of the page. As would be expected from the plots §vels off [see Fig. 8(b)]. This should not be surprising since,
input and output power, the plot of gain versus number gualitatively, we would expect that the larger the device is, the

MOSFET gate fingers exhibits a definite peak [see Fig. 8(amgr?jrgﬁsiﬁici:tieie:zmi)sd%i}efasg g‘etahlesvc\)/:fczgﬁtquoa\/:/]g:attic:/e(jl)c/:’

power as follows:
B. Efficiency

Even for devices with sufficient transconductance, the har- RON2
monic distortion, output network losses, and source termi- IpcR(m? +4) |1+ <u)
nal resistance of the FET prevent the drain efficiency fromEfﬁciency _ 2
reaching 100%. Nevertheless, attaining reasonably high drain ‘ Ppe &8Via
efficiency ¢ 70%) is not very difficult. It is the difficulty (29)

Pout _

2
1+ <wRSCd>

: (1 + [WRy(Clgs + Ciao)] 2)

BoR(r?+4)

Gain= Lout _

- (28)
1 2‘/5(4)2Rg(0gs + ngo) |:2‘/5(Cgs + ngo) + ‘/dma.xcgdoj|
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Pout - -P1
PAE = -t — “in
Ppc
= Efficiency — in
Ppc
wR,Cy\?
IncR(7? +4)|1
be (7r + ) + < 2 ) ‘/S(‘UQRQ(OgS + ngo) |:2‘/5 (Cgs + ngo) + ‘/dmaxcgdoj|
= - (30)
8Vdd

4IpcVaa (1 + [wR(Ces + Cyao)] 2)

2) PAE: Finally, we compute the PAE using its standard APPENDIX
definition, shown in (30), at the top of the page. A comparison 1,4 optimized level-3 SPICE model parameters for the
[see Fig. 8(a)—(c)] shows that the valuerothat will produce 0.5-um CMOS devices are as follows.
maximum PAE lies between the relatively low value for the

peak gain and the high value afwhere the drain efficiency paramug, - 0.6566; .
N .paramu, 546.2182;
approaches its limit. .
. . . . .paramé 0.2684;
Fig. 8(d) illustrates how (30) can be applied to a device .
. . : . .paramp 3.000¢ — 03;
with a fixed number of fingers (the case of a discrete FET). '
.7 paramid 4.700e¢ — 08;
Here, the output power parameter from the Class-E equations .
(Table 1) is the independent variable paramo 0.6900;
) Jparamny,  5.900¢ 4 11,
.param tox  9.600e — 09;
IV. PRACTICAL DESIGN CONSIDERATIONS parameggo  3.052¢ — 10;
It has been suggested previously that the transistor's para-paramcg,, 4.024e — 10;
sitic drain-to-source capacitance can be absorbed in the shurt 0.5976;
capacitor of the output network [1]. MOSFET devices typically Vmax 2.000e + 05;
have large gate-to-drain parasitic capacitances as well. The: 2.898¢ — 02;
additional contribution to the drain-to-source capacitance made s 35.0011;
by the gate-to-drain component should be reflected’jn kp 2.000e — 04;
) ) 2.000¢e — 07;
Cy=Cyq—Cys—Cga ¢ 0.7000;
Pou n 1.392e + 17;
= — Cys — Ciygo. 31 sub ) '
rwVz e 1) Caso 3.052¢ — 10;
. j 5.620e¢ — 04.
In (31), the shared capacitan@,. /2) does not appear as part
of Cyq since the drain capacitor plays a role in the operation ACKNOWLEDGMENT
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Class-E output network as a starting point. Our first departure
from thea priori approach was to model the effects of the input
parasitics. This led the way to the formulation of an expression
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