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Abstract—Spectral efficiency (SE) and energy efficiency (EE)
are key measures for wireless communication systems. In OFDM
systems, the non-linear effects and inefficiencies of power ampli-
fiers (PAs) have posed practical challenges for system design.
In this paper, we analyze the impact of the PA on the SE and
EE tradeoff of OFDM systems. We also propose a PA switching
technique which achieves a better SE-EE tradeoff, e.g., the EE
can be improved by 323% with 15% SE reduction.

Index Terms—Energy efficiency, spectral efficiency, OFDM,
power amplifier, power amplifier switching.

I. INTRODUCTION

Wireless access communication networks consume signifi-
cant amount of energy to overcome fading and interference,
compared to fixed line networks [1]. In wireless networks,
energy is mostly consumed at the base station (BS) [2], of
which 50%-80% of power consumption is consumed at power
amplifiers (PAs) [3]. Fig. 1 plots PA output power F,,; versus
PA power consumption Ppa, based on our survey of com-
mercially available PAs for which we give a summary of the
key parameters in Table I in the Appendix. A measure of the
PA efficiency is given by the drain efficiency 1 = Poyut/Ppa.-
From Fig. 1, we see that 7 is typically between 20% and 30%,
which confirms that the overhead incurred at PA is substantial.
To ensure high energy efficiency (EE), the PA characteristics
have to be carefully considered in system designs.

On the other hand, high spectral efficiency (SE) is needed to
support the growing demands of high data traffic. To support
high SE in wireless fading channels, orthogonal frequency
division multiplex (OFDM) and orthogonal frequency division
multiple access (OFDMA) systems remain as popular choices.
However, OFDM and OFDMA modulated signals exhibit
high peak-to-average power ratio (PAPR). To circumvent the
resulting performance degradation, input backoff (IBO) is
implemented by reducing the input power. In order to retain
high SE, this popular technique of IBO in turn results in a
reduction of EE, because PAs are operate at high efficiency
when it is near its power saturation point [4]-[6]. Hence, a
SE-EE tradeoff exists when the optimization is performed with
respect to the PA. It is thus important to jointly characterize
the role that a PA plays in both SE and EE of wireless
communication systems.

In this paper, we quantify the impact of PA on the degrada-
tion of both SE and EE in practice. To do this, it is essential to
have a sufficiently accurate, yet tractable, model for the PA (i)
on its non-linearity behavior, and (ii) on its imperfect efficiency
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Fig. 1. Maximum output power (at the linear region) versus consumed power
Ppa for commercially available PAs in Table I in Appendix.

to specify the relationship of Ppa and the transmission power
Pous, i.e., Pppo > P,y and 1 < 100%. To provide tractable
results, we assume that the non-linearity of the PA is modeled
by a soft limiter [7], i.e., the output is clipped to a constant
if the input signal exceeds a threshold value, and experiences
a linear scaling of its input otherwise. As a consequence, we
obtain a closed-form expression of SE which allows numerical
evaluation. We also establish a PA-dependent (class-A, class-
B, and Doherty Types) nonlinear power consumption model
from various recent studies on empirical power measurement
and parameters for cellular and wireless local area networks
[8]-[12] and derive the EE. From the analysis and numerical
evaluation, we observe that the practical PA can support a
narrow SE-EE tradeoff with only a limited range of SE.
In cellular communications, however, a wide range of SE-
EE tradeoff is desired because the BSs need high data rates
intermittently, yet need to save energy whenever possible to
save operation costs. To achieve a wide Pareto-optimal SE-EE
tradeoff region, we propose a PA switching (selection or time
sharing) technique, in which one or more PAs are switched
on at any time between frames to maximize the EE while
satisfying the required SE. As a result, the degree of freedom
offered from the multiple PAs yields a high EE over a wide
range of SE. Numerical results show that the SE-EE tradeoff
improvement is significant even though practical losses are
considered, such as switch insertion loss and switching time
overhead.
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Fig. 2. An OFDM system with a non-linear memoryless power amplifier

(PA) represented by function Lpa ().

II. SIGNAL MODEL

Consider the OFDM system with a non-linear memoryless
PA shown in Fig. 2. Without loss of generality (w.l.o.g.), we
consider the transmission of one OFDM symbol consisting of
N complex-valued data symbols & = [Zg, - - - ,EN_l]T, over
a total frequency band of 2 Hz. The data symbol z,, is sent on
the nth orthogonal subcarrier. The data symbols are assumed
to be identical and independently distributed (i.i.d.) subject to
the power constraint E[|Z|?] < P,,; here and subsequently, we
drop the subcarrier or time index if there is no dependence
or when there is no ambiguity. We transform & to the time
domain signal vector & = |zg, -+ ,zn_1]" according to
x = Fz, where F is the N-by-N unitary inverse discrete
Fourier transform (IDFT) matrix. Thus, E[|z|?] < Pi,. Then
a cyclic prefix (CP) of length Ncp is added to x and passed
to a parallel-to-serial converter (P/S), followed by a digital-to-
analogue converter (DAC). We assume the DAC, analogue-to-
digital converter (ADC) and subsequent processing (such as
timing and frequency synchronization) are ideal such that we
may use z; to represent the output of the DAC at discrete time
index t. We write z; = ase’% where a; £ || is its amplitude
and 0 < 0, < 27 is its phase.

Next, the DAC output x; is amplified through a memoryless
PA described by the non-linear function Lpa(-) to give the
output wy = Lpa(x;) at time ¢, denoted collectively by the
vector w = [wp, -+ ,WN+Nep—1]° . We assume there is no
phase distortion, since typically its effect is small compared
to the amplitude distortion [4]. To ease analysis, assuming the
perfect linearization in low power regime, we can use the soft
limiter model [7], [13], which is the simplest model that can
capture the amplitude distortion (clipping effect) as follows:

ar, 1f ap < amax,
Lpa(ar) = {\/g ' ' ()

bmaXa if a; > Gmax,

where /g > 1 is a parameter interpreted as the desired linear
gain, amax = /PP, and bpax = /PR, Under this
model, we can write w; = bye’?* where b; = |w;| while the
phase remains the same as that of z;.

Finally, the PA output is transmitted through a L-tap multi-
path channel {ho, h1, -+ , hy—1}, where we assume L < Ncp.
Assuming perfect timing synchronization, the CP is removed

and the received signal is then

Yr = hy @ wy + 2z 2 rye?? (2)

for t = 0,---,N — 1. Here, ® is the circular convolution
operator, z; ~ CN(0,02) is an additive white Gaussian noise
(AWGN), and r; and ¢, represent the amplitude and phase

of ;. The received signal vector y = [yo,--- ,yn_1]7 (for
convenience, we shift the time indices to start from zero) is
then transformed via a DFT to give ¥ = [0, ,yn_1]7 =
FHy.

Based on the signal model, we shall obtain tractable results
which offer insights on how the PA affects the SE and EE
in Sections IIT and IV, respectively. Then we study how this
leads to the analysis of a new transmitter architecture in
Section IV-C, which offers a better tradeoff in terms of SE
and EE.

ITII. SPECTRAL EFFICIENCY

In this section, we determine the SE of the system in Fig. 2.
We ignore the CP overhead for simplicity. We assume the data
symbols are i.i.d. with distribution X ~ CN (0, Py,). Hence
the time-domain signals are also i.i.d. with distribution X ~
CN(0, Py,). The time domain signals have high PAPR and
thus they are representative of the scenario when a high-order
modulation is used or when N is large.

We fix the following PA-related parameters: the maximum
power input P;;'#*; the power loading factor § £ PI;",;X, >0,
which is related to the IBO as IBO £ 10log,,(¢~1) dB; and
the gain g in the linearity region. Thus the maximum power
output PIi¥* = gP'®* is also fixed; for convenience, let «y £

out
Pmax /52 > () be the maximum power output normalized by

out
the noise variance o2.

We use upper case letters to represent random variables,
such as X, W, and Y'; we use lower case letters to represent
their realizations, such as z, w, and y. The probability density
function (pdf) of random variable X is denoted by fx(-). We
recall that we also write the signals in terms of their amplitudes
and phases as * = ae’?, w = be??, and y = re’?.

Specifically, we define SE, in b/s/Hz, as the amount of
bits that are reliably decoded per channel use (i.e., per unit
bandwidth and per unit time). We define EE, in b/J, as the
total amount of bits that are reliably decoded bits normalized
by the energy. Thus, SE and EE are given by [14], [15]

e - 1T) o
TOSE QSE
EE = TP, ~ P (3b)

where I(X;Y) is the mutual information in b/s/Hz given
the length-NN transmitted and received vectors X and Y,
representing an achievable sum rate over N channel uses [16];
T is the total time used; and F, is the total power consumption
including Ppa.

A. Mutual Information in Flat Fading Channel

Consider a flat fading channel where L = 1. Let hg = 1,
w.l.o.g., as the actual channel attenuation and any fixed energy
losses incurred can be reflected by changing the noise variance



such that the signal-to-noise ratio (SNR) is maintained. Hence
the channel model at time index ¢ is

Y, = W;+Z;, where W; = Lpa(Ay)e’.  (4)

The achievable rate averaged over /N transmissions is given
by
I(X:Y)/N 21X Y)/N 2 S I(X0: Ya) /N
=1 (&)
(c) (@)

S I1(X;Y) = H(Y) — log, meo?.

Here, (a) follows since the time-domain and frequency-
domain signals are related by a unitary transform, (b) follows
from the independence of the signals in the time domain (due
to the memoryless PA and the i.i.d. transmitted signals and
noise), (¢) follows since the mutual information is identical
over time and so we can drop the time index, and (d) follows
from I(X;Y) = H(Y)—H(Y|X) and the conditional entropy
H(Y|X) = H(N) = log,meo?. Denote S as a binary
random variable that denotes if clipping at the PA occurs,
ie, S = 1if A > amax and S = 0 otherwise. Since
X = Ael® ~ CN(0, P,), the random variable A follows
the Rayleigh distribution. Thus, the probability of S is

PI‘(S = O) =Pr (A < amax) =1—exp (_571)

Pr(S=1)=1-Pr(S=0)=exp(—¢") &
The differential entropy of Y is given by [16]
H(Y) =~ [ fv()logs Iy () ™)
Yy

where the pdf of y can be written as fy(y) =
> i—o1 fy(y,S = i). The numerical computation of the
entropy (7) is straightforward given a closed-form expression
of fy(y,S = 0) and fy(y,S = 1), which are obtained as
follows (refer to [17] for the proofs):

fy(y,5=0) = No(y)(1 = Q1 (V, v/pmax))

—2bmax 2bmax
i 5=1) = N ) (Pr(s = Dy exp ( =22etne )y (2ol
g o

z z

®)
where No(y) denotes the pdf of CA (0, 9P +02); Qi(-,-)
is the Marcum-Q-function [18] with parameters ppax =

20Putod) /5 and g = S2Pn@Pato) 2 N () s the

9Fin oy
pdf of CN (bmax, 02); Yre is the real part of y; and lo(-) is
the modified Bessel function of the first kind [18].

B. Mutual Information in Multipath Channel

We now consider the general case of a L-tap multipath
channel, where L < Ncp. The received signal in the time
domain is given by (2). Because the PA non-linearity resulted
in a correlated interference in the frequency domain which
does not appear to evaluate as a closed-form expression,
exact analysis of the mutual information in multipath case is
intractable. Instead, we obtain a lower bound for the mutual
information, denoted by I8, which is given by the mutual
information of the following channel (proof is shown in [17])

Y] = b} Lpa(A)e + 7] 9)

L—-1 |h;|?
h 2 ; il”
| 0| Zz:l 02 +9Pin Z;;(l) s |2

alent channel and Z; ~ CN(0,02%). The channel (9) is
simply the flat fading channel (4) with the noise variance
modified accordingly. Hence we can obtain I-® from (5)
directly. Although the lower bound always holds, we can
intuitively treat (9) as the channel where the power of all
the multipaths are collected and any interference is treated
as Gaussian distribution. For the details, refer to [17].

where h} = is the equiv-

C. Analytical Results on SE

Using (8) into (7), we find H(Y') and get I(X;Y) from (5)
in flat fading channel. Similarly, from (9), we can obtain the
mutual information of the signal in multipath channel. Using
the lower bound of the mutual information, eventually, we can
derive the spectral efficiency from (3a). Generally, the SE in
(3a) can be represented by the function of & as

SE(¢) = H(Y) — log, meo? (10)

since the conditional probabilities in (8) are functions of P, =
EPMa* and byax = /gPné 1, ie., H(Y) is a function of €.

By setting bmax = / Pid* — 00, we can recover perfectly
linear PA as

SE'°*!(¢) = log, (1 + 7€) (11)

which is the well-known log-shape function.

An approximation of the SE can be obtained if %, < P**
or £ < 1, which gives fy(y,S =1) =~ N;(y), i = 1,2, in (8).
We note that typically this holds due to the IBO. We call the
resulting SE as SE'®C. We can also show that SE'BC is a
concave function over 0 < ¢ < % From this fact, we can
derive the following theorem (refer to [17] for the proofs):

Theorem 1. The optimal power loading (or equivalently
optimal IBO) factor &y, which maximizes SE'© is

i~ —W! (ln_1 (ﬂ'eaf))
where W(-) < —1 is a Lambert W function [19].

12)

Interestingly, the approximated &5 depends only on o2 as

we assume § < 1 in derivation. This makes &g independent of
other PA parameters. The typical value of IBO is around 8 dB
in practice, which includes an additional margin for fading
channels [10]. Numerical results verify that {5, maximizes
the true SE(&) effectively as well regardless of the IBO.

IV. ENERGY EFFICIENCY

To derive the EE of the system in Fig. 2, we use a power
consumption model in the literature [8], [9]:

P. = (14 Cps)(1 + CcB)(PsB + Prr + Pra)

where Cpg is a power supply coefficient (typically 0.1 <
Cps < 0.15) and Ccp is an active cooler and battery
coefficient (typically less than 0.4); Pgp, Prr, and Ppy are the
measurements of power consumption at a base band module,
a radio frequency module, a PA module, respectively. The
advantage of this model in (13) is that the power consumption

13)



of the PA is separated from the power consumption of other
components; therefore, we can modify (13) according to
the PA types and the power loading factor. Here, though
Ppy actually depends on many factors including the specific
hardware implementation, direct current (DC) bias condition,
load characteristics, operating frequency and PA output power,
it is dominated by DC power fed to the PA. Hence, using
the drain efficiency 1 depending on the DC power and PA
types [5], [6], we can express Pps as a function of £ as
Pppr = %g{P{;’aX. Substituting the Ppa to (13), we get a
PA-dependant nonlinear power consumption model as

Pi(€) P (e +eav/E) 0< €<,

where Py = (1 + Cps)(l + OCB)(PBB + PRF), and the
parameters (cy,c2) are: (%c¢,0) for class A; (0,c¢) for class
B;(,Z)1f0<§<62or(—ﬁ,(”él)C if 7 <¢&<1 for
¢-way Doherty type. Here, Psx and ¢ can be obtained from
empirical results in [10]-[12].

= Pax + (14)

A. Energy Efficiency

Using the SE in (10) and the total power consumption P, (§)
in (14), we can rewrite the EE in (3b) as a function of £ as

QSE(¢)
Pe(§)

For comparison and further analysis, the upper bound of EE(¢)
is given for a perfectly linear PA as

EE(S) =

5)

QSEideal (5)

EE(6) < EE"™*(6) £ —pon

(16)

B. Analytical Results on EE

From the fact that EE'™°*"(¢) is a piecewise quasi-concave
function over &, we can derive the following theorem (proofs
are in [17]).

Theorem 2. The optimal &y maximizing EE"™(£)
is as follows: for class A &gy = 1; for class B

&g = %exp 2+ 2Wy gg,iﬁ"c ; for L-way Doherty & =

1 £\/A(Prix+Pihc1) .. QEEeaT(¢)

S exp (2+2Wo (W)) if =

0 at 1, (EElinear )
atrf # arg I{I}agl} ()

BEElineaT aEElinear

— () =0até&=1, or &y = 4 = fiaf ) # 0.

Here Wq(-) > —1 is a Lambert W function.

S

or fEE =

Numerical results verify that £ maximizes the true EE(&)
effectively as well.

C. SE-EE Tradeoff and PA Switching Methods

In contrast to the ideal SE-EE tradeoff in (3) which is a
decreasing convex function, the practical SE-EE in (15) has
a concave shape as shown in Fig. 5 later. We observe that
typically the EE drops rapidly when the SE exceeds beyond
some threshold (which corresponds to the SE when the power
of the PA approaches saturation). Thus, the PA can support
a narrow SE-EE tradeoff with only a limited range of SE. In

cellular communications, a wide range of SE-EE tradeoff is
required because the BSs need high data rates intermittently or
low data rates with low energy consumption. This motivates
the use of multiple PAs, where any PA is switched on at any
time between frames by using a switch. We call this technique
PA switching. The switch insertion loss Gg causes EE and
SE degradation, and the switching time consumption e causes
further degradation. Numerical results in Section V supports
the use of PA switching to achieve significant improvement of
the SE-EE tradeoff even after considering the losses incurred
in the switching.

V. NUMERICAL EVALUATION AND DISCUSSION

Numerical results for SE-EE tradeoff are obtained by vary-
ing the powr loading factor £. We also evaluate the PA
switching method based on the two PAs in Table I: a low power
PA SM2122-44L (denoted by PA") with Pmax = 25W
and a high power PA SM1720-50 (denoted by PAMe") with
Prax = 100 W. Both PAs operate in the 2 GHz band and
can be used for LTE BSs. Bandwidth is set to 10 MHz. The
channel attenuation is modeled as follows [20]: G+Gg—128+
101log;(d~%) dB where G includes the transceiver feeder loss
and antenna gains; and d~¢ is the path loss where d is the
distance in kilometers between a transmitter and a receiver and
a is a path loss exponent. In simulations, we set G = 5dB,
a = 3.76, d = 200m, and a§ = —174dBm / Hz. For the
power consumption model, we set ¢ = 4.7 and Pgx = 130 W
[10] to model the marco cell communication systems.

Fig. 3 shows the numerical evaluation of SE. As expected,
Sgideal (¢) in (11) is an increasing concave (log-shape) func-
tion, while SE() in (10), the SE modeled by a soft limiter
at the PA, is a concave function when ¢ < % The SE SE'BC
is illustrated as a dashed line. The optimal {5y, in (12) yields
the highest SE as marked by ‘o’ (Theorem 1), which closely
approaches to the true SE SE(€).

Fig. 4 shows EE for various types of PAs: Class-A,
class-B, and 2-way Doherty PAs. The dotted lines represent
EE'™°T(¢). EE obtained with &y, in Theorem 2 is illustrated
by ‘x’ and ‘)’ for EE(¢) and EE'™®*"(¢), respectively. The
results show that g yields the maximum EE and that
EE!inear (&fg) = EE(&fk) (which are overlapped in the figure),
except class-A PA. This is because the practical EE is maxi-
mized in the linear region. From the results, we can surmise
that the optimal {jy, derived under the ideal PA assumption is
applicable to maximize the practical EE.

Fig. 5 shows the SE-EE tradeoff with and without PA
switching. We assume that PA can be switched once every
20 frames. Each frame length is set to be 10 ms. The losses
incurred in the switching are set as Gs = 1dB and € = 1 ms.
For comparison, ideal switching with Gg = 0dB and ¢ = 0 is
evaluated. The EE can be improved by around 210% (323%)
if we reduce SE by 12% (15%) from A to B (C), respectively.
In contrast, if a single PA PAbigh is used instead, the EE is
improved by around 41% with a 12% reduction of SE from
A to D. For simplicity, we assume the fraction of time when
any PA is switched on is a continuous value from 0 to 1.
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Fig. 4. EE evaluation with Pg, = 130 W and ¢ = 4.7.

VI. CONCLUSION

We have given a theoretical analysis of the spectral and
energy efficiency (SE-EE) tradeoff, by taking into account the
practical non-ideal effects of the power amplifier (PA). This
analysis motivates PA switching to achieve a better SE-EE
tradeoff, which is verified by numerical results.
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APPENDIX: TABLE I
POWER AMPLIFIER CHARACTERISTICS (ASCENDING ORDER OF Pax),

out

PA# Model Pmax(dBm) | g(dB) | Vea (Vo) | Cpa (mA) | P™a*(dBm) | Frequency (GHz) Institution
1 MAX2242 5 28.5 33 50 10 24-25 MAXIM
2 FMPA2151 7 31 33 280 [(] 24-25 FAIRCHILD Semiconductor
3 FMPA2151 7 33 33 375 0 49-59 FAIRCHILD Semiconductor
4 Al113 8 17 2 20 10 2-22 tyco Electronics
5 ADL5570 10 29 3.5 100 - 23-24 Analog Devices
6 MAX2242 3 28.5 33 90 10 24 -25 MAXIM
7 MAX2840 5 22.8 33 155 - 5.15 -5.35 MAXIM
8 BGA6289 5 13 4.1 88 - 1.95 -2.5 NXP Semiconductors
9 AWTo6]134 6 23.5 34 130 10 1.75 - 1.78 ANADIGICS
10 AWTO6138 6 15 34 57 10 1.85 - 1.91 ANADIGICS
11 AWT0252 6 24.5 3.4 54 10 1.92 — 1.98 ANADIGICS
12 AWT0252 6 20.5 3.4 54 10 1.92 — 1.98 __ANADIGICS
13 RF2192 6 22 34 150 10 0.824 — 0.849 3) C
14 RF2196 6 20 34 160 10 1.85 - 1.91 3) C
15 RF3163 [ 24 34 125 10 0.824 — 0.849 E C
16 RF3164 6 28 3.4 130 10 1.85 - 1.91 E C
17 RF3165 6 27 34 130 10 175 - 1.78 3) CRO-DEVICE
18 RF6100-1 6 26 34 135 10 0.824 — 0.849 E| CRO-DEVICES
19 AP172-317 yi 33 33 140 20 1.8 -2.5 SKYWORKS
20 SKY65006 7 30 33 110 10 24-25 SKYWORKS
21 RMPAS255 8 33 33 230 - 49-59 FAIRCHILD Semiconductor
22 MAX2841 8 22.5 33 260 - 5.15-5.35 MAXIM
23 FMPA2151 9 31 33 600 0 24-25 FAIRCHILD Semiconductor
24 PA2151 9 33 33 600 0 49 -59 FAIRCHILD Semiconductor
25 RMPA2458 9 315 33 103 5 24-25 FAIRCH Semiconductor
26 RFE5117 21 26 3 200 10 1.8 -2.8 EF MICRO-DEVICES
27 RF5189 21 25 3 220 10 24-25 ... EF MICRO-DEVICES
28 SST13LPO1 21 34 3.3 340 - 49-58 Silicon Storé%{e Technolo; g, Inc.
29 RF5117 22 26 3 500 10 1.8-28 EF MICRO-DEVIC
30 RMPA2455 22 30 5 195 10 24-25 FAIRCHILD Semiconductor
31 MAX?2242 22 28.5 33 300 10 24-25
32 AP172-317 225 33 33 220 20 1.8 -25 SKYWORKS
33 MAX?2247 3 29.5 3 305 5 24 -235 . MAXIM
34 SST12LP00 23 27 33 115 - 24-25 Silicon Storage Technology, Inc.
35 SSTI12LP14 23 31 33 290 - 24-25 Silicon Storage Technology, Inc.
36 SSTI13LPO1 23 28 33 260 - 2.4 — 2485 Silicon Storage Technology, Inc.
37 AP178-321 23.5 19 33 186 20 1.8 -25 SKYWORKS
38 MAX?2247 24 29.5 33 307 5 24-25 MAXIM
39 AP172-317 24 33 33 240 20 1.8 -2.5 SKYWORKS
40 65003 24.5 11.5 5 138 15 14-25 SKYWORKS
41 ADL5570 25 29 3.5 440 - 23-24 Analog Devices
42 ADLS5571 25 29 33 450 - 25-27 Analog Devices
43 2163 25 19 33 378 15 1.8 -25 EF MICRO-DEVICES
44 X2247 25 30.5 42 345 5 24-25 . MAXIM
45 SSTI12LP14 25 31 33 340 - 24-25 Silicon Storage Technology, Inc.
46 NES52R479A 2 1 3 217 19 245 - 245 CEL California_Eastern Laboratories
47 1153 26.4 28.5 15 250 15 1.8-2 tyco Electronics
48 PA1133 26.5 29 15 200 15 1.85-1.91 tyco Electronics
49 ADLS5571 27 27.5 5 620 - 2.5-2.17 /{nalog Devices
50 RF2114 27 36 6.5 300 12 0.001 - 0.6 EF MICRO-DE
51 RE2161 27 30 3 477 6 1.85-2 EF MIC
52 RF2186 27 31 3 668 [ 1.85-2 EF MIC
53 RF5117 27 26 S 500 10 1.8-28 EF MIC
54 RF5176 27 26 3 476 [ 1.85 -2 EF MIC DE
55 AWT06252 27.5 26,5 3.4 423 10 1.92 - 1.98 ANADIGICS
56 AWT6134 28 26 34 475 10 1.75 - 1.78 ANADIGICS
57 AWTO6134 28 25 34 462 10 1.75 - 1.78 ANADIGICS
58 AWTO6138 28 26 34 487 10 1.85 - 1.91 _ ANADIGICS
59 RF3163 28 28.5 3.4 455 10 0.824 — 0.849 EF MICRO-DE
60 RFE3164 28 28 34 460 10 1.85 - 1.91 EF MICRO-DEV.
61 RF3165 28 28 34 460 10 175 - 1.78 EF MICRO-DEV
62 RF6100-1 28 29 34 465 10 0.824 — 0.849 EF MICRO-DEV.
63 RFE2132 28.5 29 4.8 327 12 0.824 — 0. 849 EF MICRO-DEV.
64 RE2146 28.5 18.5 4.8 393 12 15-2 EF MICRO-DEV.
65 RE6100-4 28.5 28 34 535 10 1.85 - 191 EF MICRO-DE
66 CX065105 28.5 25 5 470 7 17 -22 SKYWORKS
67 SKY65162-70LF 28.8 20 5 306 - 0.869 — 0.96 SKYWORKS
68 RF2192 29 30 3 715 10 0.824 — 0.849 EF MICRO-DEVICES
69 RF2196 29 27 3 755 10 1.85 - 191 F MICRO-DEVICES
70 MGA-43228 29.2 38.5 5 500 - 23-25 Avago Technologies
71 MGA-43328 29.3 37.3 5 470 - 2.5-27 Avalgo Technologies
72 AWT6104M5 30 30 35 714 10 1.85-191 . ANADIGICS .
73 HMC457QS16G/E 30.5 25 S 500 15 2.01 -2.17 Hittite Microwave corporation
74 HMC453QS16G/E 33 8 6.5 725 - 2.01 —2.17 Hittite Microwave corporation
75 SM0825-33/33H 33 20 12 1100 4 0.8-25 Stealth Microwave
76 SM1025—36DM%2 33 10 12 800 - 1-25 Stealth Microwave
77 SM1025-37MQ 33 10 12 1600 - 1-25 Stealth Microwave
78 PA1110 33 10 10 725 28 1.8 -2 tyco Electronics
79 PA1132 33 22 12 725 15 1.8-2 tyco Electronics
80 SM1727-34HS 34 33 12 1200 1 1.7-27 Stealth Microwave
81 SM1727-34HSQ 34 36.5 12 1200 1 1.7-2.7 Stealth Microwave
82 SM2023-34HS 34 33 12 1200 1 2-23 Stealth Microwave
83 36 24.5 10 1350 15 2-22 tyco Electronics
84 PA1159 36.2 23.5 10 1700 28 23-24 tyco Electronics
85 PA1162 36.2 30 10 1450 11 0.8 — 0.96 tyco Electronics
86 SM04060-37HS 37 36 12 1800 1 04— 0.6 Stealth Microwave
87 SMO04093-36HS 37 34 12 1600 1 04 - 0. 925 Stealth Microwave
88 SMS5659-37S 37 20 12 2300 20 5.6-5.9 Stealth Microwave
89 SM5759-37HS 37 39 12 2300 2 5.7-59 tealth Microwave
90 PAT1182 37.5 23 28 1000 15 23-24 tyco Electronics
91 PA1223 37.5 25 28 1000 15 211 -2.17 tyco Electronics
92 PA1224 37.5 25 28 1000 15 2-22 tyco Electronics
93 PA1186 38 29 28 1000 15 0.8 — 0.96 tyco Electronics
94 XD010-42S-D4F/Y 39 30 28 930 20 0.869 — 0.894 Sirenza Micro Devices
95 SM0822-39 39 45 12 3500 -4 0.8 -22 Stealth Microwave
96 SM0825-40Q 40 39 12 5500 1 0.8-25 Stealth Microwave
97 SM2023-41 41 55 2 4500 -13 2-23 Stealth Microwave
98 SM2027-41LS 41 51 2 6000 -1 2-27 Stealth Microwave
99 SM4450-41L 41 55 2 5000 -13 44 -5 Stealth Microwave
00 SM1822-42LS 42 52 2 5500 -8 1.8-22 Stealth Microwave
01 SM3338-43 43 50 2 8500 -6 33-38 Stealth Microwave
02 SM5053-43L 43 55 2 9200 -7 5-53 Stealth Microwave
03 SM7785-43A 43 48 2 9500 - 7.7125 - 8.5 Stealth Microwave
04 SM1923-44L 4 55 2 8200 -8 19-23 Stealth Microwave
05 SM2025-44L 44 55 2 8500 -10 2-235 Stealth Microwave
06 SM2122-44L 55 2 8200 - 21- 2.2 Stealth Microwave
07 SM2325-44 44 55 2 000 -10 23-25 Stealth Microwave
08 SM2025-46L 46.3 52 2 15000 -7 2-25 Stealth Microwave
09 SM04548-47L 47 55 2 14000 -8 0.45 - 0.48 Stealth Microwave
10 SM2023-47L 47 55 2 15000 -7 2-23 Stealth Microwave
11 SM3134-47L 47 55 2 15000 -6 3.1-34 Stealth Microwave
12 SM3436-47L 47 56 2 15000 -6 34-36 Stealth Microwave
13 SM1720-50 50 50 2 000 2 1.7 -2 Stealth Microwave




