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INTRODUCTION

This volume contains the accompanying notes for the Helaps-C
technology transfer seminar. This seminar is being conducted
by Skylink for Spar personnel during the period February 2
through February 5, 1987.

The first 7 sections contain copies of the viewgraphs pre-
sented by Skylink. At the end are copies of pertinent Skylink
system engineering reports (SERs). These are attached and sub-
mitted as item 7 of Attachment A Deliverables. Section 4
(Principles of Operation of Low-level Stages) contains Item
4.1 of Attachment A Deliverables.

These notes are a complete, if somewhat skeletal, description
of the status of Helaps-C at this time, with particular empha-
sis on recent work at L-Band. It is intended that these notes
will be augmented by the additional discussions and laboratory
sessions planned to ocurr during the seminar.

Since Helaps-C is still being refined, some of the notes may
already be somewhat out of date. Every effort has been made to
update them, within the available time. Some inconsistancies
or inaccuracies may still remain, however, and these will be
pointed out during the presentations. Should the reader have
an un-marked-up copy, he is advised to consult a copy from
someone who was present at the seminar to clarify any
guestions.
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HELAPS-C BASIC PRINCIPLES

OBJECTIVES:

Guickly review Helaps—U principles and developmental history so
that all participants have the same understanding ot the
backaround.

CONIENT:
Why use an alternative to "conventional" technigues? —-Ravleigh

distribution; Mismatch at partial output; Techniques tor
computing averaqe efficiency.

What are the alternatives to "conventional"” techniques? —-Helaps-—
A; Helaps—-B; Helaps—-Ci: Uoherty.

Why was Helaps-U chosen? —-Experience gained at 800 MH:z.; Choice
of FA technology depends on other +actors (# +teeds available, way
spectrum useaqge 1s planned).

What 1s the relationship between Helaps-C and prior work™ -—
Meinzers FHd.: Work of kKahni Sokal.

What 1s the status o+ Helaps-C now? —-0Oscar transponders; UHF demo
unit; Fhase—-3C transponders;

what advantages does Helaps-C have for MSS5—-type applicatione? -
Etficiency: Thermal advantages: Reliability. Segregation ot
communications subsystem properties.

What 1is the design process +or a Helaps—-C amplifier? —-Computer
modelling: Device evaluatiorn and selection: Fertormance
projection.

What 1 the status ot the L-Band hardware?” —-Class—F HFA;
Modul ator; Low—level stages. (sets scene +or subsequent
discussionl}.



Class D
! Class B
0.5+ .c'
: Class A
0.0 T >
0.0 0.5 1.0

(a) Instantaneous efficiency

pf V) ‘
3 -
l! ‘l
2 I :
. ...l.
14 - '.‘
- “\
.
. \
t \
0 T ~—
0.0 0.5 1.0

(b) Probability-density function

Figure 1, Efficiency and p.d.f. curves.
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Abstract

Accurate prediction of the heat dissipation and power consumption of pow-
er amplifiers and transmitters requires knowledge of their average efficiency.
However, since the instantaneous efficiency of a PA depends upon the signal
amplitude relative to the peak-envelope power (PEP), the average efficiency
depends upon both the type of power amplifier and the type of signal being
amplified. This note relates average power input, power output, and efficien-
cy to the characteristics of the PA and the probability-density functions (p.
d.f.) of the signal. The note presents the p.d.f.s for a variety of commonly
used signals, including two-tone SSB/SC, single-tone AM, uniform, OAM, Ray-
leigh, Laplacian, Gaussian, Gaussian AM, and Laplacian AM. The average effi-
ciencies of class-A, -B, and -D PAs are then derived for two-tone and Ray-
leigh-envelope signals.

Indexing Terms

Amplifiers, power, average efficiency
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1. INTRODUCTION

Accurate prediction of the average efficiency and/or power consumption of
a power amplifier (PA) or transmitter is required in many applications. Some
examples of radio-system components and parameters that depend upon the effic-
iency and power consumption are:

Battery life,

Solar-cell, battery, or generator capacity,
Heat-sink size and weight,

Ancillary cooling requirements, and
Operating costs.

Knowledge of the average-efficiency characteristics allows the designer
to make intelligent decisions based upon the costs and benefits of different
system approaches. For example, class-D RF PAs and class-S AM modulators can
have better efficiencies than do class-C RF PAs and class-B series-pass AM
modulators, but may also be more complex and expensive [1, 2]. Knowledge of
the average-efficiency characteristics of class-G PAs [3, RN85-37], envelope-
tracking systems [RN84-22], outphasing systems [4, RN84-9], and Doherty sys-
tems [RN85-23] is necessary to set their parameters for maximum-efficiency
operation.

The efficiency of a PA generally varies with the amplitude of the signal,
and usually increases to a maximum value at the peak envelope power (PEP) or
maximum signal voltage. Efficiency curves for typical class-A, -B, and -D PAs
are shown in Figure la.

Since FM and CW signals have only one amplitude level, knowledge of the
efficiency and input power at PEP is sufficient. Inspection of the curves in
Figure la shows that modest improvements in efficiency are achieved by chang-
ing the class of amplification.

In contrast, amplitude-modulated signals (including SSB, television, and
multicarrier relay) and wideband signals contain a variety of different ampli-
tudes that produce a variety of different instantaneous efficiencies. The
p.d.f. for a typical multitone SSB or multicarrier envelope (Figure 1b) shows
that low- and middle-level amplitudes are far more prevalent than amplitudes
near PEP. At the most likely amplitude, the efficiencies of the class-A, -8B,
and -D PAs of Figure la differ considerably, hence significant improvements in
the average efficiency can be expected by changing the class of amplification.

It would be natural to define average efficiency as the average of the
instantaneous PA efficiency. However, average efficiency thus defined is an
interesting indicator of PA performance but otherwise useless. A preferable
definition is the ratio of the average output and average input powers; that
is

P_AVG
2 . (1)

P;AVG

"AVG
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Figure 1. Efficiency and p.d.f. curves.
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Inspection of the amplifier-efficiency and signal-p.d.f. curves of Fiqure
1 shows that average efficiency depends upon both PA characteristics and sig-
nal characteristics. This note develops the relationships that can be used to
predict average efficiency, and gives the p.d.f.s for a variety of commonly
used signals. Example calculations are performed for class-A, -B, and -D PAs.

2. CHARACTERISTICS OF SIGNALS

Signals can be classified as either wideband or narrowband [RN85-22].
Instantaneous PA efficiency and input power are generally related to the in-
stantaneous amplitude (voltage) of a wideband signal, or to the instantaneous
envelope of a narrowband signal [1].

The statistical characteristics of the signal amplitude are described by
its probability-density function (p.d.f.). Integration of a p.d.f. over a
particular range of amplitudes gives the probability that the signal amplitude
is within that range [5]; i.e.,

|4
2
P(V < V<V ) = p(V)dv . (2)
1 2 %
1
An obvious requirement for a p.d.f is therefore

+o

S op(vydv=1 . (3)

-

The relationship of the p.d.f. to a signal voltage or envelope is i1llus-
trated in Figure 2. The full-wave rectified sinewave is, of course, a deter-
ministic (rather than random) signal. Nonetheless, the p.d.f. is an appropri-
ate means of describing the amount of time spent at each amplitude.

The p.d.f. can be derived from the waveform or envelope by using the de-
finition of the p.d.f. to equate corresponding areas under the two curves, as
illustrated in Figure 2. The "probability" of the angular-time variable 6 be-
ing in an interval of width d6 is d6/2x. If only one of the points at which
the waveform has voltage V is considered, then

p(V) dv = de/2n , (4)
Taking the limit as d6 + 0 and rearranging produce

p(V) = [dé/dv]|/en . (5)

The full-wave rectified sinusoid is represented by
v(e) = |sin 8] , (6)

hence
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9 = * arcsin V 2 nnj2 (7)
and
|desdv| = (1 - v2)-t/2 | (8)

Since there are four intervals in 6 that make equal contributions to p(V),
the p.d.f. is

p(V) = (2/7)(1 - v3)~t/2 | (9)

The average values of desired parameters are computed by integrating the
product of the parameter and the p.d.f. of the signal envelope or voltage over
the appropriate range. The average input power is therefore given by

V
max

Poavg = il Pi(v) p(v) dv , (10)
0

where Pi(v) is the instantaneous input power. In the absence of an analytical
form for input power, interpolation in a table of measurements can be used.

Power output is proportional to the square of the instantaneous voltage
or envelope. The average power output with a wideband signal is therefore

Vmax

Poavg = 7 vZ p(v) dv . (11)

Since the envelope of a narrowband signal modulates a sinusoidal carrier, and
integration of the square of that carrier over one cycle produces a factor of
1/2, the average power output with a narrowband signal is

v
max

S V2 p(v) dv . (12)

1
P =
oAVG
2 0

3. PROBABILITY-DENSITY FUNCTIONS

This section presents a number of p.d.f.s that are useful in the analysis
of the average efficiencies of power amplifiers. As discussed subsequently, a
particular p.d.f. may apply to the instantaneous voltage of a wideband signal,
the envelope of narrowband signal, or both.

The p.d.f.s presented below are based upon the normalization
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B Vﬁm omPEP (13)

for narrowband signals or

14 |v0|/v (14)

omax

for wideband signals. These normalizations conveniently limit the range of
values to

0<vel . (15)

The second normalization requires the efficiency of wideband PAs to be ex-
pressed in terms of the absolute value of the instantaneous output voltage.

The first and second moments are defined by

1

b= S Vp(v)dv (16)
0
and
1
wo= S VZp(v)dv . (17)
2 0

These quantities are the average voltage and average squared voltage, and ap-
pear frequently in average-efficiency analyses.

The peak-%o—average ratio £ is defined as the ratio of the peak output
power or peak envelope power (PEP) to the average output power. For wideband

signals, the normalization in (13) implies that Pomax = 1, hence

¢ = Pomax/PoAVG = 1/poAVG = 1/u2 * (18)
For narrowband signals, the normalization in (12) implies that PoPEP =1/2,

hence

& = Popep/Poave = 1/(2Popyg) = 1/¥,. (19)

For full-carrier amplitude-modulated (AM) signals, the modulation peak-
to-average ratio is also of interest. Since the normalized modulating voltage

is limited by (12) to 1/2 (for a carrier level of 1/2), Pmmax = 1/4 and

n = Prmax/Pmave = 1/ {4Ppavg) - (20)
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Two-Tone Envelope

The full-wave rectified sinewave given by (5) and shown in Figure 2 oc-
curs for

e Wideband amplification of a constant-amplitude sinusoid,

e Narrowband amplification of a DSB/SC signal with single-tone
modulation, :

e Narrowband amplification of an SSB/SC signal resulting from two
equal-amplitude tones, and

e C(Certain types of data signals employing two-tone AFSK modulation.

The third case is the commonly used two-tone test signal, as is easily shown
by trigonometric substitutions:

sin w t sin ot [sin wmt| sin [mct + ¢(t)] (21)

L]

(1/2) cos(wc + mm)t + (1/2) cos(wc - wm)t . (22)

where phase ¢(t) switches from 0 to m to produce the proper signal polarity
{1, Chapter 16].

The p.d.f. of the two-tone envelope is given by (8) and shown in Figures
2 and 3. It is apparent that the amplitudes near PEP are more likely than
those near zero. For deterministic signals such as this, most calculations
are more easily performed in the time domain. However, the p.d.f. is useful
for inclusion in numerical-evaluation programs that incorporate other p.d.f.s.
Time-domain integration yields ul = 2/n and u2 = 1/2, hence the peak-to-aver-
age ratio is

£=1/m =2+348 . (23)

Single-Tone AM

A full-carrier AM signal with 100-percent modulation by a single tone is
described by

v(e) = (1/2)(1 + sin 8) . (24)
Application of the method of Section 2 produces
& =% arcsin (2V - 1) £ nn | (25)

and
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[desdv] = 2[1 - (2v - 1)2}°1/2 (26)

Since there are two intervals in 8 that contribute equally to p(V), the p.d.f.
of a single-tone AM signal is

p(v) = (2/m)(1 - (2v - 1)23-1/2 | (27)

Time-domain integration of (24) yields uos 1/2 and M, = 3/8, hence the

peak-to-average ratio

€=1/u =8/3+4.3d8 . (28)

Uniform

When all signal amplitudes are equally likely, they are said to be uni-
formly distributed and have the p.d.f.

p(v) =1 , (29)
which is shown in Figure 4. This p.d.f. occurs for
o The limiting case for certain amplitude companders,
® Full-carrier AM with triangular or sawtooth modulation, and
e Wideband amplification of triangular or sawtooth waveforms.
Integrals (16) and (17) yield u1 = 1/2 and uz = 1/3, hence the relatively
low peak-to-average ratio
£ = l/u2 =3+ 4,8d8 . (30)
Because the uniform p.d.f. is often amenable to analytical evaluation of aver-

ages, it is often a useful means of checking for proper operation of numeri-
cal-evaluation programs.

Quadrature-Amplitude Modulation

Quadrature-amplitude modulation (QAM) is an efficient means of maximizing
data-transmission capability by separate amplitude modulation of the I and @
components of the signal. The sixteen-symbol-QAM signal space shown in Figure
5 transmits four bits of information per data symbol.

In contrast to FSK, PSK, and QPSK, QAM produces a number of different
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signal amplitudes. For a small number of symbols, the average power and effi-
ciency are easily evaluated by determining the specific amplitudes and their
probabilities. Results for 16-, 64-, and 256-symbol QAM are given in [6].

As the number of symbols in QAM increases, the signal space becomes a
uniformly filled rectangle, as shown in Fiqure 6. As in other QAM signal
spaces, the peak envelope value occurs at the corners of the rectangle.

For convenience, the peak envelope is normalized to unity, hence
x=1/2"% . (31)

The probability that the envelope is no larger than x is the ratio of the
areas of the circle and square in Figure 6, hence

L

P(V < z) = ) (32)

(2 =)? Z

The probability-density function is directly proportional to the portion of
the length of an arc of radius V that is within the square signal space, di-
vided by the area of the signal space. For V < x, this yields

p(v) =28V o ny (33)
2
Note that
z (V) dV mn x2 mn
re . (34)

which is also given by the ratio of the areas of the circle (= z2) and the
square (4x2).

For x < V<1, the p.d.f. is

~N

by analogy to (33). The angle B (Figure 6) is

B=-a=2L_arctan £ (36)
4 4 x
=X _ arctan(2 V2 - 1)1/2 (37)
4

Combining (37), (35), and (33) now yields the whole p.d.f.

(
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n Vv ,0< Ve q/t?

p(v) = .
n V-4 vVarctan(2 V2 - 1)1/2 122 cvcr . (38)

This p.d.f. is shown in Figure 4.

The first and second moments of this p.d.f. are (from numerical integra-
tion) ul = 0.5411 and u2 = 0.3333. The peak-to-average ratio is therefore

€=1/u =3+4.80a8 . (39)

Gaussian

The sum of a large number of well behaved independent random variables
tends to have a Gaussian p.d.f. [5]. Broadcast sound [7], certain radar and
sonar pulses [7], music [8], and other signals can be assumed to be Gaussian
in the absence of other statistical data. The envelope of a DSB/SC signal
modulated by such sounds is also Gaussian. ‘

Since most PAs are characterized in terms of the absolute value of the
instantaneous output voltage or the envelope, it is convenient to use the sin-
gle-sided Gaussian p.d.f., which is commonly expressed as

p(r) = —2  exp() . (40)

(2n)1/2 ¢ 202

If the small area above V =1 is ignored (which is reasonable for £ > 5 dB),
the average output power for a wideband signal is ¢? = uz, hence

£=1/02 . (41)

The p.d.f. can now be rewritten as
p(V) = (2e/%)1/2 exp(-VZ g/2) . (42)
The integral (15) is evaluated by converting VdV into dV2, which produces

ul = (2/.")1/2 o = (25/.")1/2 . (43)
As shown in Figure 7, increasing the peak-to-average ratio makes low ampli-
tudes more likely. Peak-to-average ratios in the range of 10 to 15 dB are
typical [8].
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Figure 7. Gaussian p.d.f.s.

Figure 8. Rayleigh p.d.f.s.
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Rax]eigh

Independent Gaussian I and @ components of equal power produce a Ray-
leigh-distributed envelope and a uniformly-distributed phase. The sum of in-
dependent Rayleigh phasors is itself a Rayleigh phasor, and the sum of a large
number of well behaved independent phasors tends toward a Rayleigh phasor [5].
The Rayleigh p.d.f. is therefore appropriate [1, 6, 9] for the envelope of a
narrowband signal in applications such as

e SSB/SC signals resulting from noise-like modulation,
e Multiple-carrier relay signals, and
© Independent-sideband (ISB) transmissions.

The usual form of the Rayleigh p.d.f. is

p(V) = (2V/a) exp(-V¢/a) . (44)
If the area above V =1 is included, the integration in (17) produces u2 = a,
hence

E=1/a . (45)

It is therefore convenient to rewrite the p.d.f. as

p(V) = 2V € exp(-V% ¢) . (46)
From [5] or standard integral tables,

s (n a)¥/2/2 = (n/8g)172 (47)

The effect of the peak-to-average ratio upon the p.d.f. is shown in Fi-
gure 8. In multicarrier-relay applications, £ is easily related to the ampli-
tudes and/or number of the carriers [1]. The average output power is simply
the sum of the powers of the individual carriers, since they are of different
frequencies and therefore mutually orthogonal. However, the peak power is
proportional to the square of the sum of the peak voltages, since at some
point in time all carriers add in phase. Given N carriers of equal ampli-
tudes, the peak-to-average ratio is therefore

3 =N°/N =N . (48)

= Porep/Poave

Flat-Topped Rayleigh

The probability of flat topping by a signal with a Rayleigh-distributed
envelope is

@«

Pey = lf pp(V) dV = exp(-£p) (49)

where Pp and CR represent the p.d.f. and peak-to-average ratio, respectively,
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of the original signal. The probability of flat topping is only 4.2 percent
for ER = 5 dB, and drops rapidly to G.005 percent at ER = 10 d8.

In most applications, satisfactory accuracy can be obtained by using the
standard Rayleigh p.d.f. and ignoring the small contributions due to V > 1.
However, when the peak-to-average ratio is very low the effects of flat top-
ping cannot be ignored. A flat-topped Rayleigh p.d.f. [10] can then be formed
from the standard Rayleigh p.d.f. and the Dirac delta function:

PplV) = pa(V) + Ppy 8(V - 1) . (50)

The moments of this p.d.f. must be computed numerically. In addition, special
handling of this p.d.f. is required in numerical-evaluation programs to ensure
accurate accommodation of the contributions of the delta function.

Laplacian

The Laplacian (also called one-sided exponential) p.d.f. (Figure 9) ap-
plies to

e Speech waveforms [11] and
® SSB/SC envelopes produced by speech modulation [9].

The gamma p.d.f. is said to be a better approximation to the true p.d.f. of
speech [12], but its additional complexity is not warranted for PA average-
efficiency analysis.
The Laplacian p.d.f. has the form
p(V) = (21/%/0) exp(-2'/2 v/o) . (51)

If the area above V =1 is ignored, u2 = 02 and

£ = l/u2 =1/c% . (52)

It is therefore convenient to rewrite the p.d.f. as
p(V) = (26)1/% exp[(26)1/2 V] . (53)
The first moment (15) is then
bo=o/2t/? - (2/e)1/2 . (54)
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Gaussian AM
Full-carrier amplitude modulation by a Gaussian signal produces an RF

signal with a Gaussian-AM envelope. The envelope p.d.f. is a Gaussian p.d.f.
whose mean is the amplitude of the unmodulated carrier. By analogy to (40),

p(V) = (26, /m)1/2% expl-2¢ (V - 1/2)%] . (55)

The first moment is simply the carrier level:

bo=1/2 . (56)

If the areas for V< 0 and V > 1 are included, the second moment is easily
obtained by summing the carrier and modulation powers:

b, - 174 + 1/4¢ . (57)

The RF peak-to-average ratio is therefore related to the modulation peak-to-
average ratio by

g =4g /(5 + 1) . (58)

Gaussian-AM p.d.f.s for several modulation peak-to-average ratios are shown
in Figure 10.

Laplacian AM

Full-carrier amplitude modulation by a Laplacian signal produces an RF
signal with a Laplacian-AM envelope. The p.d.f. is, by analogy to (52) and
(54),

p(V) = (2¢,)1/% expl-2(2¢,)!/% |v - 172]] . (59)

Laplacian-AM p.d.f.s for several modulation peak-to-average ratios are shown
in Figure 11. The moments and the relationship between & and Em are the same

as those for Gaussian AM.
4, AVERAGE-EFFICIENCY CALCULATIONS

The theory and probability-density functions derived in the preceding
sections are now used to calculate average-efficiency for several cases of in-
terest. The examples include

e (Class-A,
e (Class-B, and
e (Class-D
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Figqure 11. Laplacian-AM p.d.f.s.
NS
PA Voan ]V
eff © 7cC CW TWO-TONE RAYLE IGH RAYLE I6H
£ =10 dB £ = 20 dB
1.0 0.500 0.250 0.050 0.005
Class A
0.9 0.450 0.225 0.045 0.004
1.0 0.785 0.617 0.280 0.089
Class B
0.9 0.707 0.555 0.252 0.080
1.0 1.000 1.000 1.000 1.000
Class D
0.9 0.900 0.887 0.781 - 0.530

Table 1. Average efficiencies.
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power amplifiers, with

o Two-tone test signal,
® Rayleigh-envelope with £
e Rayleigh-envelope with £

10 dB, and
20 dB.

Similar approaches can be used to calculate the average efficiency with other
PAs and/or other signals.

The method used here is to relate the average input and output power to
the peak-envelope output power. The average output power is independent of
the PA and is from (19)

Ponve = Popgp / & - (60)

The results are summarized in Table 1.

Class A

In class-A PAs, the transistors are biased so that the collector cur-
rent(s) are positive at all times. The quiescent current (hence dc input cur-
rent) must therefore be at least as equal to the maximum output current at
PEP. In addition, the true supply voltage Vbc is reduced to an effective sup-

ply voltage Véff by the saturation voltage Veat of the transistor(s). For a
push-pull PA,

14 (61)

eff Vee = Veat

For a complementary PA, Véa is multiplied by 2. The dc input power and in-

t
stantaneous efficiency are therefore [1, Chapter 12]

Vee
Fi = Voo Tompep = 2P, pEp (62)
eff
and
n = Veﬁf ng . (63)
VCC VomPE P

The parabolic efficiency curve is shown in Figure 1. The effects of FET on
resistance can similarly be reduced to a ratio of Véff/VDD'

The dc input current is constant, hence PiAVG = Pi' The average effici-
ency is therefore



GMRR RNBS5-368B 20

)
"ave T T 2R (64)
2k 14
cc

Insertion of ¢ = 2 for the two-tone envelope gives a maximum efficiency of 25
percent, which is reduced by the ratio Véff/vbc‘ Similarly, signals with Ray-

leigh envelopes and 10- and 20-dB peak-to-average ratios are amplified by
class-A PAs with maximum average efficiencies of 5.0 and 0.5 percent, respec-
tively.

Class B

In class-B PAs, the transistors are biased so that each conducts current
for approximately half of the time. The dc input current is 2/ times the
maximum instantaneous output current [1]; the instantaneous efficiency is
therefore proportional to output voltage, as shown in Figure 1. As in a
class-A PA, saturation voltage produces an effective supply voltage that is
lower than the true supply voltage. The instantaneous dc input power is
therefore

4 v 14
p. =__¢¢ _om , PP - (65)
LA S °
eff "omPEP

The ratio v /v ocp is the normalized output voltage V defined in (12)

m
and used throughout this note. Consequently,

4 v
cc
Finve = =7 ¥ Popep (66)
eff
and
L |4
n = . eff . (67)
AVG 4 v
ul £ ceC
Substitution of u and ¢ for the two-tone signal yields
1
" Vesr Veff
"AVG, Two-Tone ~ 6 v = 0.617 P (68)
cc cc

A substitution from (46) for the Rayleigh envelope similarly yields
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v
_ (T y1s2 . _eff
"AVG,Rayleigh (45) P (69)
cc

For peak-to-average ratios of 10 and 20 dB, the average efficiencies of an
ideal class-B PA (Véat = 0) are only 28 and 8.9 percent, respectively. While

these represent considerable improvements over those of the class-A PA, they
are nonetheless considerably smaller than the 78.5-percent efficiency at PEP.

Class g

Class-D PAs employ a pair of transistors that are driven to switch at the
carrier frequency [1], followed by a series-tuned tank circuit to produce a
sinusoidal output. The efficiency of an ideal class-D PA is 100 percent; how-
ever, saturation voltage, saturation resistance, and charging of the collector
or drain capacitance reduce the efficiency.

The power expended in charging linear shunt capacitance is proportional
to the output power and therefore reduces both PEP and average efficiencies by
the same factor. The power required to charge voltage-dependent capacitance
results in a power-input function [13] that must be averaged numerically.

The supply voltage of a class-D PA must be varied to produce amplitude-
modulated RF signals. The effects of the BJT saturation-voltage drop are
overcome by increasing the modulator output at all levels by a fixed voltage.
The instantaneous input power of an amplitude-modulated class-D PA is there-
fore

2Vt-zat: Vﬁm
P, =p +—" - | (70)
7 o
nh
hence its instantaneous efficiency is
me
n = . (71)
me * (Aln)vsat

It is convenient to rewrite the instantaneous efficiency as

where

14 /v , push-pull PA
6 = sat effPEP (73)

2I"sat / VéffPEP’ complementary PA
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represents the saturation-power-loss factor. The average input power is then

Piavg = Poavg * & ¥, Bopep » (74)
and the average efficiency is
1
n = —— (75)
AVG 1 +6u €
1
Substitution of ux and £ for the two-tone envelope yields
"AVG, Two-to -, (76)
» IWOCLONE 4 (a/n)s
hence navG = 0.887 for s = 0.1. Substitution of ul from (46) yields
. (77)

"AVG,Rayleigh - ] + o(n £/8)172

for Rayleigh-envelope signals, hence average efficiencies of 0.781 and 0.530
for s = 0.1 and € = 10 and 20 dB, respectively. These efficiencies represent
considerable improvements over those of class-B PAs.
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HELAPS-C Theory of Operation

TABLE 2-1
Helaps-C Efficiency Model
Version 1.0

Class-C Amplifier Properties

Peak Power Per Module
Number of Modules
Hybrid Loss per Level
Number of Levels

Drive Power/Module

Amplifier PEP Rating
Drive Power Required

Pre~driver Efficiency
Pre~driver DC Input

Required Average Output
Peak-to-Average Ratio
Peak-to-Average Ratio
Clipping Level
Theoretical Best C/I
Low Level Power
Miscellaneous Power

Module Rayleigh-Weighted Efficiency
Power Qut of Modules

Vmod Power to Modules

Modulator Efficiency

DC Into Modulator

Total DC Input Power

Overall Efficiency

Power and Efficiency Results

Amplifier PEP Rating
Average Output Power
Peak-to-Average Ratio
Theoretical Best C/I
Predriver QOutput Power
Total DC Input Power
Rayleigh-Weighted Efficiency

Thermal Results

Skylink Corporation

Output Hybrid Dissipation
Dissipation per Module
Modulator Dissipation
Predriver Dissipation
Total Heat Load

- 21 -

45.0 W
8
0.2 dB
3
1.0 W

313.5468 W
9.185228 W

55%
16.70041 W

63.0 W
6.969619 dB
4.976934 W/W
2.230904
26.55329 dBr
2.0 W

1.0 W

49.02187%
72.33367 W
147.5538 W
72%
204.9359 W

224.6363 W

28.04532%
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fHEORY OF OPERATION OF CLASS-F HFA

UBJELT IVES:

Introduce the concept and desian principles +or Class-F
amplitiers. Lescribe the status ot the L-Hand desian.

CUNTERNT @
What 1s "Class—+'""

What are the reaguirements for the modulated stages 1n a Helaps-—-U
amplitier? —-Linearity: AM/FM;: Efticiency.

How 15 a Clase-F amplitier decsigned?’ —-Need +tor two cascaded
stages to be modulated: Uutput stage considerations: Lriver
considerations: 1nterstage design; Device selection/evaluationg
LDecoupling circuit desian.

What 15 the proposed desian tor L-Band? lopoloay;
Micad/Touchstone analvsis.

What 1s the status ot the desian™ —-S5oftware; Hardware; Test
results.
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INTERSTAGE IS KEY TO EFFICIENCY

TWO POSSIBLE SOLUTIONS
—Static 37-42 %
~Dynamic  37-48 %

DEVELOPMENT OF DYNAMIC INTERSTAGE
—Principle has been verified
~—Varactors at power/stability limits
—Need better design procedure

—Need more experimental work

skylink
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Touchstone (TM) —-Ver (1.40-Lot 100)-Targ (IBM—-FC/AT)-Ser (16083-2008- 1000)
L-STUR. CKT 04/19/86 - 17:354:51

/' —Band stub design
3 y G. Hardman 1986/4/9
with pad, constraints of layout, shock absorbers

DIM
LNG MM
FREQ MHZ

CKT
MSUB ER=10.5 H=0.635 T=0.1 RHO=1.4 RGH=0
MRSTUB 1 WI=1 L=13 ANG=20
DEF1F 1 RSTUE
MLIN 1 2 W=1 L=7
MEEND 2 I W=1 ANG=90 M=.6
MLIN 3 4 w=1 L=4.5
MBEND 4 5 W=1 ANG=90 M=.6
MLIN S 6 W=1 L=1
MBEND &6 7 W=1 ANG=-90 M=.6
MLIN 7 10 W=1 L=2.95
MCROS 10 12 13 14 Wi=1 W2=1 W3=1 W4=l
RSTUR 13
CAF 14 O C=22
MLIN 12 15 W=1 L=1
MSTEF 15 16 Wi=1 W2=E
MLIN 16 17 W=S L=5
SRC 17 0 R=22 C=220

\. DEFiP 1 STUB

ouT
STUE MAGLZ11 GR1
STUB ANGLZ11 GR1
STUB MAGLZ11]1 GR2
STUB ANGLZ1] GR2
STUB MAGLZ11 GR3
STUB ANGLZ11 GR3

FRER
SWEEF 25 500 25
SWEEF 600 1300 100
SWEEF 1400 1700 10
SWEEF 1800 3000 100

GRID
RANGE O 500 50
GR1 O 100 10
RANGE 1400 1700 50
GR2 O 1000 100
RANGE O 3000 200
GR3 O 1000 100
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IHEORY OF OPERATION OF POLYPHASE MODULATOR
OBRJECTIVES:

Describe the reguirements for a modulator for Helaps~C. Explain
the principles ot the polyphase design. Give the status of the
present design.

CONTENT:

What are the requirements for a Helaps—C modulator? —Modellinag
results.

Wwhat approaches have been used in past designs? -Combined E/S
design; Limitations of Class—-5S only design.

What are the elements of a Class-S amplitier? —Rlock diagram ot
Class-S amplitier; Natural vs. uniftorm sampling; Spectrum ot
Class—5 switch output: FWM types.

What advantages does a polyphase design offer?® —Frinciples ot
operationi CLancellation of distortion products; Need for
trailing-—edge—-modul ated FWM.

What are the functional blocks in a polyphase Class—8 design™ —
List armd block diagram.

wWhat desian was adopted for the L-band modulator? —-Froperties of
load; Schematic of switch: Fert+ormance ot one switch.

How 15 the combining filter designed? —-Schematics; Touchstone
analysis.

How is line regulation achieved by the modulator? Feedforward
line regulation principle; Reterence voltage generator design.

What 1s the status of the present desiagn? —-Software; Hardware:
fest results.
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MODULATOR DESIGN OPTIONS

CLASS B/S

INPUT O——

CLASS -B

4L

O QUTPUT

CLASS S

CLASS-D

CLASS -5

O O0UTPUT




FULSE -wDTH - MODULATED (PVM‘D CLAsS -5 AMPLFIER

’ %
COMPARATO. t——9 %NWCHHFH_TEJL p> OQTPY T,
IhPuT \
4
A EFELENCE
w AVERRM
GENERFADR

~ t
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FloeR

oVTPUT
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(A) Natural sampling.

M)

—M[(n-1)T,)
M(nT,)

(n+ l)T,l
T' | T’  §

(8) Uniform sampling.
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POLYPHAGE CLASS - S

| o OUTPUT
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O
CLASS-S STAGE 1
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SYSTEM ENGINEERING REPORT

M SEOO50

10/10/86

MDC

TILE/SUBJECT:

HELAPS L-Band Amplifier: RF Module Design

This report documents the initial design of the RF Module for an
L-Band HELAPS Amplifier. This package includes:

O 0 3 O O b W N ks

Distribution:

Schematic Drawing
Touchstone Circuit File
Micad Art Work Plot
Drill Pattern

Machinist Drawing

Parts Placement Drawing
Parts List

Parts Descriptions

Back-Up Disk (File Copy Only) MOD-REVA.CKT
MODREVA .DWG
MOD-REVA .MSK

M. Exner

J. King

G. Hardman
M. Carpenter
T. Burg

K. Meinzer
SER File

skyfink CORPORATION
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J L PZB16035U

s

MICROWAVE POWER TRANSISTOR

NPN Silicon transistor intended for use in military and professional applications.

It operates in C.W. conditions and is recommanded in common base class B amplitier up to 1.6 GHz.

It offers the following technoiogica! advantages:

— Interdigitated structure: high emitter efficiency.

— Dittused emitter ballasting resistors providing excellent current sharing and withstanding a high
VSWR,

— Gold metallization realizes very good stability of the characteristics and excetient tite time.

— Multicelf geometry gives good balance of dissipated power and low thermal resistance.

— New 5 GHz technology.

Transistor has a FO 5§7C meta! ceramic flange package.

it is mounted in a common base configuration, specified in class B and operated in C.W. conditions.

An input matching cell improves the input impedance and allows an easier design of broadband

circuits.

QUICK REFERENCE DATA
Microwave performance up 10 Tmp=25°C in an unneutralized common base class B selective
amplifier,

Typical values:

Mode of { vce PL Gp nc I L
operation GHz v w das % 0 Y]
C?a.s\:.B 1.55 28 38 9.8 50 2+)45 1.5+)0
MECHANICAL DATA Dimensions in mm.
FOS7C 1305 —{@]05 B

rD‘O,E{:mo: —]

012 . ) ‘ HE K 1

-7-3-3
™

|
[— 8,25 :
- -
Ceautlon: This device incorporates beryllium oxide, the dust of which is toxic. The device is entirely
safe. provided that the beryilium oxide disc is not damaged.

December 1983

7-14
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PZB16035U

RATINGS

Limiting values in accordance with the Absolute Maximum System (L.E.C. 134)

Collector-base voitage (open emitter) veso max
Coliector-emitter voitage (Rgg =10 1) VCER max
(open emitter) VCEO max
Emitter-base voltage (open collector) VEBO max
Collector current Ic max
Total power dissipation Piot max
min
Storage temperature Tstg {m"
Junction temperature Ti max
Soldering temperature Tsig max
(d=0.1mm, t=10s)
THERMAL RESISTANCE
Junction-mounting base Rih(jmb) =
Prot
W)
60
30
A
. N
N
0 100 150 200
Tmb (°C)

Power derating curve versus mounting base temperature.

¢

4V
5V
15V
3v
4A
45 W
-65°C
+200 °C
200 °C
235 °C

2.2 K/W

392

December 1883



PZ2B16035U

CHARACTERISTICS (Tmb =25 °C)

Breakdown voltages
Vecg=40V, lg=0
VCER=35 V. RBe=100
VEB=3 V. IC=0

Collector cut-off current
lge=0; V=30V

Emitter cut-off current
ic=0, VEg=15V
Collector-base capacitance
lg=ic=0. Vcg=28 V

APPLICATION INFORMATION

iceo
ICER
leso
iceo
leso

Cceb

< 10 mA
< 50 mA
< 1 mA
< S mA
‘< 200 uA
typ 17 pF

Microwave performance up to Tmb=25°C in an unneutralized common base class B selective

amplifier.
Mode of 1 vee PL Gp nc F7 I
operation GHz v w as % 0 0
cw. typ. typ.
Class B 1.55 28 *>35 >8 >45 2+j4.5 1.5+j0
Prematching test ctrcult board for C.W. class B application at 1.55 GHz.
4 9 6 6.5 $5 9 3
0.65 7 V 065
2 R
1 I 7 ,,.uu/r. " 6.‘_7// 780l o
wr e 74 11 o
/ s 50N
7L == D
npyy F2E2 ouTPUT
Epsiton 10
Tr‘gckness 0.65 mm All dimensions in mm
L
(W)
40 P
L S S0
- 11 Qe (%)
30 < 40
11
11 vV,
SWR
VSWR o
L ]
-1 9 ‘
Pa=d4 W LS 1.55 1.6 F =(GHz)
r
December 1983
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1 TYPICAL IMPEDANCES for P =38 W e
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" 1Le
)
s
: INPUT IMPEDANCES o 4
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»
>
%
A
R Y
Z,=50
'ﬂ‘ C”.‘, vl wang .'N
()
I ,.
OPTIMUM LOAD
IMPEDANCES
l Z lad\ b4
! i
>
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I o
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AMpPAC™

Product Descriptions

The AMPAC 1517 devices are one of the MSC
“SUPER 1.7 GHz" series of S-Band transistors
designed to produce higher-power with nfinite
VSWR ruggedness for the Telemetry and Tele-
communications industry.

The device 1s capable of withstanding any mis-
match load condition at any phase angle (VSWR
o 1) under full rated conditions. The unit 1s an
overlay. emitter site ballasted. geomelry utiliz-
ing a Refractory/Gold metallization system

The unique MSC AMPAC'™ devices are housed in
Hermetic Metal/Ceramic packages with internal
input/Output matching structures. The case
style 1s available with or without flange

Electrical Characteristics (@ 25°C)

AMPAC 1517-12

DATA SHEET

MICROWAVE ST-106

POWER TRANSISTOR

i “nhl.

n' il .mwnnm

Issue November, 1978

Features

* Refractory/Gold Metalhization

e Emitter Ballasted

* Ruggedized VSWR

® | ow RF Thermal Resistance

¢ [nput/Output Matching

* Bandwidth 200 Mtz

® Metal/Ceramic Hermetic Package

Maximum Ratings (@ 25°C)

Power Dissipation(*} . ........... P DISS=35 Watts
Collector Current(®) ... ... . .. .. .. Ic=1.25 Amps
Coilector-Base Voltage(™) .......... Vcg=30 Voits

Storage Temperature Tg1G=—65° 10=200°C

(") Under RF Operating Conditions

SYMBOL CHARACTERISTIC CONDITION| MIN TYP MAX {UNIT
PouT BROADBAND POWER OUTPUT (Note 3) 12 13 — W
nc BROADBAND COLLECTOR EFFICIENCY (Note 3) 50 55 - o
%,c THERMAL RESISTANCE (°C/WATT) (Note 18 3)| — 50 — rorw
VSWR LOAD MISMATCH (Note 3) oo - ~ -
LPIN OVERDRIVE (Note 4) - - 20 | oB
2N INPUT IMPEDANCE (NOMINAL) (Note 2 & 3)| — 12 -- 0
ZcL COLLECTOR LOAD IMPEDANCE (NOMINAL) ((Note 2 & 3)| — 10 - 0
BVCBO | COLLECTOR-BASE BREAKDOWN VOLTAGE |I.:50mA | 50 - - v
BVEBO |EMITTER-BASE BREAKDOWN VOLTAGE Ig:10mA | 35 - — v
NOTES (1) Thermal Reststance determined by (ntra-Red (3} Rated Perdormance withun any 50Mbz increment

Scanning of Hot-Spo! Junction Temperature at
rated RE operating condions
(Reterence MSC Application Note GP-201).

(2} Reter ta MSC Test Curcurt Diagram 1or Impedance
Transtormation

cn 10-10

ofthe 15 - 1 7GH7 Bandg

Test Condiions PG B H L 12W v 28 Vol
(4) Relative 1o Py 12 Want Level Py mcreases

conunously with 148 tugher Py o withot

degradganon with 2a88 thgher £
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—Typical Performance AMPAC 1517-12

TYPICAL DRIVE POWER
PERFORMANCE Vce=28 VOLTS
£
L4
15 555
2 ’ S
: ‘ 2
2z ," T
Q0 1 50 &
- @
5 : ! 5
2 4 5
3 s 45§
0
s 0
'
0 /
-6 -4 -2 0 +2
RELATIVE INPUT POWER (dB)
TYPICAL vs] VOLTAGE
PERFORMANCE « FIXED DRIVE
8.0
TR
" “
4' C ;E
_ 60 " 55 5
3 ? | Pour Y O
o / v, ]
x w
z / ;9 2
g 40 4 7 50 &
5 { / o
a + 2
5 l / e
(@) / —
2.0 + / 45 =
0
l / O

0 10 20 30
COLLECTOR VOLTAGE (V)

-
N

OUTPUT POWER (W)
© o

)]
o

COLLECTOR EFFICIENCY (%)
s 8

+
-
o

, GAIN (dB)
o o

)
N
o

TYPICAL PERFORMANCE VS TEMPERATURE

—t= \

Vee = 28 VOLTS
FIXED DRIVE s
DRIVE TO 12W e

30 40 S0 60 70 80 90
CASE TEMPERATURE (°C)
TYPICAL PERFORMANCE vs TEMPERATURE

------

Voo = 28 VOLTS |
FIXED DRIVE s
DRIVE TO 12W ==a
30 40 50 60 70 80 90
CASE TEMPERATURE (°C)
TYPICAL PERFORMANCE vs TEMPERATURE

et e e ——

Vee = 28 VOLTS
FIXED DRIVE emmms
DRIVE TO 12We=we

30 40 50 60 70 80 90
CASE TEMPERATURE (°C)
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- Test Circuit Diagram AMPAC 1517-12
DWG. NO. C125369

Feedthru By Pass
SCI 712022

D.C. Biock

Varadyne 100pf

) / —.025

— .060

P

375

g
=25

.075

\— Johanson 7487

—{ »-—,100 _.‘.150 ot

Gigatrim (4.2.5pf)
2 Plcs.

Substrate Mat’l: .025 AL 203
RFC =4T#26 Wire, .0801.D.

- Preliminary Impedance Data

e 1.0
- A DR . Y 4
N St EUOESELE Beoa 00y
) ‘”‘ 24 LN -:'éi—. 574
‘ M' S
N o
.: .
o~ RS J‘:. E
0]
S\ ey 7 ) 0y v
o . v
o 3L e
o g . — il . bt}
‘w
(s
6
AS
8 KT
2050 ©2

FREQUENCY] Zin Zete
(GHz) () Q)
1.50 103+ 13 | 108+j57
1.55 105+ 9.0 10.8+j3.0
1.60 105+ 128 | 10.5+j2.0
1.65 12.3+j 6.5 10.0+j0.0
1.70 14.0+] 12.5 9.3-j1.5

o

NOTE: Zin and Zcl follow reference
convention shown in test circuit
diagram above.

10-12
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~Typical Systems Applications

INMARSAT Shipboard UPLINK (1500— 1700 MHz) BROADBAND
28W
AMPAC'™ ,
L]
SOMw
1517-12 AMPAC™ ‘_ﬂ
50W
‘ VSWROO:1
* : CLASS A 24V 28V
18V
INTERNALLY MATCHED DEVICES
HIGHEST PERFORMANCE TRANSMITTER 28V
’—Outline Drawing
AMPAC™ (METAL CAP) CASE STYLE 42 — WITH FLANGE
REF: DWG. NO. J-113214C CASE STYLE 48 — WITHOUT FLANGE
125 - r-— .650——/—//
‘ - a N ‘ - ‘0£4
o ~.025 TYP o .007
1/16 x 45" CH — Tvp .135 MIN .126
(/ .435
\-.120 TYP
—| |=—.063
NOTES

1. All Tol. £.010 except where noted.
2. Flange optional.
3. Collector lead.

———

l.l—-'- MICROWAVE SEMICONDUCTOR CORP.
LA ] |

100 SCHOOL HOUSE ROAD SOMERSET N J 08873 PHONE (201) 469331 TWX (710) 4804730 YELEX 833473
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i High performence Gliga=Iii’ g

STANDARD pF RANGES & ACTUAL SIZESf

‘t 60 SERIES 70 SERIES 80 SERIES 90 SERIES
' 310 12pF 6 10 4 5pF 410 2 5pF 8 to BpF
\ e = chasd mp—
L]
: JMCP/N  RANGE TC  MIN.Q@ TORQUE  DIMENSIONS (INCHES)
- (MIL SPEC) pF PPM/°C 250 MHz 0Z.IN A ] c D
27261SL 3012
w5 0£50 5000 A1 23 09 45 06
STYLE 6045
SL 272118L >8  0+50 3000 2102 3 14 45 .08
PC22J4R5 TURNS
| 41025
e 272815L > 050 4000 2102 23 14 40 .08
3:% PC2242R5 TURNS
~ Bt08
S 272918L >16 0275 SO0 o102 4 14 5T 08
T PC22K080 TURNS 3 2
A 3101.2
27261 >5  0x50 5000  .1to1 .23 09 .01 .08
N PC21J1R2 TURNS
D STYLE 7 61045
AT 2721 > 0x50 3000 2102 31 14 03 13
N PC21J4RS TURNS
Ly N‘N 27281 41025
; Aris g 0=s0 4000 212 23 14 01 .08
) C 8108
27291 . 3000
' O owos Tomes 0T S gooms 2102 48 4 0425
N 27263 Sto1.2
f|: e ns 050 5000 A1 23 09 09 .08
| STELE 21213 bu4as
PC2LARS T&&S 0+50 3000 2102 3 14 16 1
R 4102.5
27283 .
A doazs kg 00 4000 2102 23 14 09 M
T
8108
27293 - 3000
' b ox1s O 2wz 48 w25
@) _ T o
N 27264 31012 . j
oo ohg  0x50 5000 A1 23 09 06 04 |
e T e e
ol Tu??«s 0£50 3000 2102 31 14 06 .09
4 102 5 I "'—”—‘
27284 .
L \im TU>R4Ns 0+50 4000 212 23 14 06 .09 '
27294 88 3000
PC23K080 Tﬁ& 075 @100 MHz 2102 48 14 05 .08

optional configurations

To orger following substitute ast oigt of
JMC P/N with style numbe: Example 3 to
12pF unit in STYLE "C' s 27260, B lo
8pF unit N STYLE "6 15 27236

A Svie
0

JOHAN

4‘_

STYLE

A
A

STYLE STYLE

5

STYLE

STYLE STYLE

9

SON MANUFACTURING CORPORATION. ROCKAWAY VALLEY ROAD, BOONTON. NEW JERSEY 17005 (201) 334-2676 TWX 710-987-8367
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ELECTRICAL SPECIFICATIONS

DEVICE PACKAGE POWERDISS RESISTANCE 6rcOR6rst FREQUENCY VSWR

(WATTS)  (OHMS=5%)  (°C/W) (GHz)
(Note 2) (Note 1) ﬁqy@féL
TERMINATIONS 10-7-86
TR40-50 R 40 50 3.8 DC-4.0 12511
> TT40-50 1T 40 - 50 38 _ . DC-40 12510, (.50

TS40-50 s - 40 50 3.8t DC-4.0 1.25:1

TA150-50 TA 150 50 1.0 DC-2.0 1.25:1

TG150-50 1G 150 50 1.0 DC-2.0 1.25:1

TB200-50 T8 200 50 0.8 DC-2.0 1.25:1

TC250-50 TC 250 50 0.6 DC-1.0 1.25:1

TD300-50 ™ 300 50 0.5 DC-1.0 1.25:1

RESISTORS

RJ150-50 RJ 150 50 1.0 DC-2.0 1.25:1

RL150-50 AL 150 50 1.0 DC-2.0 1.25:1

RK200-50 RK 200 50 0.8 DC-2.0 1.25:1

RH100-100 RH 100 100 15 DC-20 1.25:1

RE100-100 RE 100 100 15 DC-2.0 1.25:1

RF125-100 RF 125 100 1.2t DC-2.0 1.25:1

RM250-100 RM 250 100 0.6 DC-1.0 1.25:1

RN300-100 RN 300 100 0.5t DC-1.0 12511

RV30-50 RV 30 50 5.0 DC-2.0 1.25:1

RV30-100 RV 30 100 5.0t DC-2.0 1.25:1




PACKA

GE STYLES

TS
in. mm.
A |.350 | 889
J— B [.225 | 272
n HE
B o Dol
v | e E |.040 | 1.02
— F {040 | 1.02
G |.065 | 165
H| - -
‘ TT
. in. mm.
—c A |.800 | 20.32
; T B |.230 | 584
] C|.350 | 883
e n e _: D |.560 |14.22
i it E |.040 | 1.02
1 ] f Fl.100 | 234
G|.125 | 318
H|.045 | 114
TR
A in. mm.
— A | 975 |24.76
—fe— B {.230 | 584
ﬂ C [.350 | 889
e . G *I D |.725 [18.42
1 E {.040 | 1.02
l | F|.145 | 368
———— G |.170 | 432
H |.080 | 2.03
™
» in. mm.
r"] A 375 [ 953
ﬂ B |.375 | 9.53
C - -
B o|- | -
To i E [.120 | 3.05
1 F |.040 | 1.02
L G | 065 | 165
H - -

Unflanged Package
1
_:_=_r
Flanged Package
‘i—_H& G
1 T
B
in. mm.
r"i B {.225 | 5.72
[ o I
1 o B
Te s E {.120 | 3.05
| F 1.040 | 1.02
G |.065 | 1.65
H - -
TG
. in. mm.
e A | .800| 20.32
[-ET B |.230| 5.84
n C|.350! 889
D |.560{ 14.22
1
@ © | @] » E|.120{ 305
{ Fli00| 254
L—o—-j G|.125] 3.18
H|.045] 1.14
TA
a in. mm.
o€ — A | 975 | 24.76
"] B |.200 | 5.08
C |.350 | 8.89
D |.560 | 14.22
-1
@ TA @ [ E |.120 3.05
1
F 100 | 254
L—o——‘j G (.125 | 3.18
H |.045 ] 1.14
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SYSTEM ENGINEERING REPORT 10/10/86

MDC

TILE,/SUBJECT:

L-Band Branch-Line Coupler: HELAPS L-Band Amplifier

This report documents the design of a -3 dB Branch-Line Coupler
centered at 1556 MHz. It predicts total insertion loss of 0.266
dB. The circuit was fabricated on 6010.5 Duroid. Two units were
tested back-to-back, and the insertion loss was measured to be

0.55 dB,

or 0.275 dB per coupler.

This package contains:

1. Touchstone Circuit File
2. Magnitude S AND S Versus Fregquenc
g 21 41 9 Y Theoretical
3. Phase of S and S Versus Frequency
21 41 Performance
4. Magnitude of S11 and S31 Versus Frequency
5. Micad Art Work Plot
Distribution: M. Exner
J. King
G. Hardman
M. Carpenter
T. Burg
K. Meinzer
SER File

skyiink CORPORATION
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SYSTEM ENGINEERING REPORT

]““ SE0052

we 10/13/86
o

MDC

TIMLE,/SUBJECT:

Effect of Amplitude Imbalance in Branch-Line Couplers

A system was modeled in Touchstone in order to investigate the
effects of amplitude and phase imbalance in branch-line couplers.
The purpose was to better understand the amplitude and phase
tracking requirements in a power amplifier with parallel output

stages combined with a branch-line coupler.

The model included two branch-line couplers used as a power
divider and a power combiner and a generalized gain and phase
The gain of one path was varied, and the
predicted output power was compared to the sum of the power from

block in each path.

each stage.

The results show that for differences in output power of less than

3 dB additional combiner losses are negligible.

This package includes:

o W N P

Distribution:

Results
Diagram of the System Model

Touchstone Circuit File Listing

Plot of{SZI(Versus Frequency for Various 4P
Plot of|531[Versus Frequency for Various AP

M. Exner

J. King

G. Hardman
M. Carpenter
T. Burg

K. Meinzer
SER File

skyink CORPORATION



SE0052 Aeplitude Isbalance in Branch-Line Couplers

Predicted Effect of

Lop P1 P2 Pl + P2 Perforaance Asplitude
(dB) (dB) (dB) @)  of Nodel Isbalance
N ES) ) W N (@)

0.0 16.473 16.473 19.483 19.483 ---

0.5 16.473 15.973 19.240 19.237 0.003
1.0 16.473 15.473 19.012 18.998 0.014
1.5 16.473 14,973 18.798 18.766 0.032
2.0 16.473 14,473 18.597 18.541 0.056
2.5 16.473 13.973 18. 411 18.323 0.088
3.0 16.473 13.473 18.237 18.112 0.125
6.0 16.473 10.473 17.446 16.991 0.455

20.0 16.473 =3.527 16.516 14.288 2.228

U\ Diffevemce 14~ Ou"‘?u"‘ Pouﬁef OQ Parﬂﬁ[f‘o M‘;f{%er g{qaes
2) Oukput power of ampliber 4
B} OV&‘)“{. Power o( M‘)ﬁ@\.er 2
) Su c& out + voim 'f av cp "a c
(Lf g Pu Pow‘e W F aéﬂ S Ss

(55 Toucl«s‘h?\me ?rec{ic‘{’ca‘ ou\'\‘fd‘ f)owcr
(&) Dikkeremce lebveecm ) amd (5\ ’
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SYSTEM ENGINEERING REPORT

we SEOO53

10/13/86

TIMLE /SUBJECT:

Effect of Phase Imbalance in Branch-Line Couplers

]
MR MDC
L. 3

There are additional combining losses in branch-line couplers when

both inputs are not exactly in phase quadrature.

This note

gquantified those losses in order to better understand the phas-
tracking requirements of individual modules in a power amplifier
with parallel output stages combined with a branch-line coupler.

This report includes:
1. Results and Graph ( ls2llversus 0)
2. Touchstone Circuit File Listing

3. Diagram of System Model

4. Plot of |S
Parameter

5. Plot of 'Ss
Parameter

21!

1!

Distribution: M. Exner

J. King

G. Hardman
M. Carpenter
T. Burg

K. Meinzer
S

ER File

Versus Frequency With ¢ As a

Versus Frequency With ¢ As a

skylink CORPORATION




8E0033  Phase Imbalance in Branch-Line Couplers

Efficiency
Phase '
Delta 15241 15311 Additional (Percent)
{degrees) (dB) {dB) Loss (dB) (501 Nominal)
o 0) @ ) )
0 19.483 -26.593 --- 50.00
10 19.430  -2.215 0.033 49,62
200 19.3%0 4,030 0,133 48.49
30 19,182 7.581 0. 301 46,65
40 18.943  10.145 0.540 44,15
30 18.629 11,910 0.854 41.07
60  18.234  13.388 1.249 37.50
70 17,751 14,593 1.732 33,96
80 17.169 15,593 2.314 29.35
9 16,474 18,178 3.009 23.01

() Teuchstome prec(icfca( Ou\"xd' power & Ba 2
VA _nuct\dme YV(AI'({-CA cu‘\’Pu(’ powrer X ¢ Por*s
@ 121 (0] = | S5 ()]

& Tetad e-c-e\'cicmc‘?j account Lo aJJ.{MMJ
Coufaﬁer [oss (assumcs S0 7% {'rcmsisfbr e‘:(\‘u'(wa\
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SYSTEM ENGINEERING REPORT we 12/05/86

** GEH
TIMLE,/SUBJECT: e

L-Band Module SN 001 Initial Test Results

The first "70 watt" module has been subjected to rough tuning.
The following are the high points.

o Tuning with the integrated driver and PA appears to work. Ef-
ficiency and power output appear to be improved.

o PEP 88 W Drive power 1.40 W

Efficiency 46% @ 4 dB P/A Ratio
47% @ 6 dB P/A Ratio

Bandwidth (1 dB) >20 MHz (probably about 40 MHz)

Phase Change 126 degrees (smooth -- should be easy to
correct)

Rayleigh-Weighted

0 Stability is fair -- some instability is observed when the
drive level falls by about 3 dB. It was necessary to add a 1.F
chip cap at the modulator feed point to insure stability. It
is suspected that this may be partly the fault of the modulator
and may go away with the new modulator.

0 More "fine tuning" is indicated. The frequency response curve
shows that peak gain occurs below 1556 MHz.

o Linearity is quite good (approximately 5%) and should improve
with further tuning.
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