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Abstract—The purpose of this paper is to propose a novel
generalized single-band transformer for two arbitrary complex load
and source impedances and a novel high-power amplifier using this
new transformer. By adding two reactive parts at across terminals,
the coupled line with flexible electrical length has practical even-
and odd-mode characteristic impedances. Thus, the total circuit
layout can be realized on common printed circuit board without any
restriction. The synthesis theory of this proposed transformer is
complete and analytical. Furthermore, unlike conventional quarter-
wavelength transformers, this structure exhibits four main features
such as effective matching for extremely low-resistive load impedance,
effective matching for extremely high-resistive load impedance, tunable
characteristic for equivalent electrical length and inherent DC-block
function. For theoretical verification, several impedance transformers,
which include some fixed operating-frequency cases and a tunable case,
for smaller than 7 Ohm or larger than 1500 Ohm, are presented. As a
typical experimental example, this analyzed transformer with inherent
DC-block function has been applied in a 4-Watt power amplifier as
output matching structure.

1. INTRODUCTION

Coupled-line circuit is useful in the design of phase shifters [1]
and baluns [2]. Although various kinds of amplifiers have been
developed in [3-6], coupled-line circuit is not applied usually. In
addition, impedance matching is a basic and important concept
in microwave engineering [7,8]. Usually, single-section (quarter-
wave length) or multiple-section transmission lines (for wideband
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applications) are chosen in the design of power divider/combiner,
sub-system interconnecting and power amplifiers.  Furthermore,
lumped-elements matching networks are also used when the operating
frequency is low. For complex source and load impedances, two
generalized impedance transformers [9, 10] have been proposed in 2009
to satisfy arbitrary dual-band operations. Note that these structures
are still based on lossless uncoupled transmission lines. Obviously,
conventional transmission lines may be unavailable as impedance
transformers when the matched load impedances are extremely high,
or low. This is because that the characteristic impedances of realized
microstrip or other transmission lines have been limited by practical
manufacturing technologies.

Recently, coupled transmission lines have been developed
for impedance transformers [11-15].  Coupled-line multi-section
impedance transformer in [11] performs compact circuit size. In [12],
a simple configuration of coupled microstrip transmission line
transformer was proposed. Unfortunately, the design methodology did
not include analytical design equations, indicating optimal procedures
are necessary. Then, a relatively complete design theory of coupled-line
impedance transformer in [12] was presented in [13] while a wide-band
transformer employing a transmission line and a coupled-line section
was proposed in [14]. These two structures [13, 14] with design theory
developed by Ang et al. have some same shortcomings. For examples,
the mathematical solutions of design parameters are not closed-form
equations and the matched load and source impedances are supposed
to be real values. More important, the large coupling coefficient
(for example, —5.1378dB in the experimental transformer in [14]) is
required; this increases the difficulty of microstrip realizations and
limits practical applications. In addition, another kind of coupled-line
impedance transformer was analyzed in [15]. Although the complex
load impedances and wideband applications have been discussed
in [15], the complex source impedance case and arbitrary electrical
length are not included. Obviously, similar to the mathematical results
of [14], the synthesis of the wideband case in [15] is complicated and
the accurate circuit parameters cannot be easily obtained.

In this paper, a generalized impedance transformer for arbitrary
complex source and load impedances and a novel high-power amplifier
based on this transformer are proposed. By adding two flexible reactive
elements and modifying electrical length of the coupled line, this
coupled-line transformer not only has analytical design theory, but
also makes even- and odd-mode characteristic impedances available
for common microstrip fabrication technology. For verification,
many kinds of numerical transformers with the theoretical results
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are demonstrated. Finally, this proposed transformer is found to
be an effective matching structure in the design of a high-power
amplifier. From the analyzed results, we will find that the novel
features of this proposed matching structure include: 1) effective
matching for extremely low-resistive load impedance such as the
input impedances of straight-wire dipole (1.1-51015€2), normal mode
helix (4.6%2), spherical helix (2.2€) [From Table 1 in [16]], and
load impedances of high-power amplifiers; 2) effective matching for
extremely high-resistive load impedance (larger than 1500€2) such
as the input impedances of biconical antennas, dipole antennas, and
slotline antennas with special dimensions; 3) tunable characteristic for
equivalent electrical length; 4) analytical design method for arbitrary
complex impedance matching; 5) inherent DC-block function. In
addition, the measured results of two microstrip power amplifiers show
that the proposed coupled-line impedance transformer can satisfy the
requirement of the output matching network in high-power amplifier.

2. DESIGN EQUATIONS FOR THE PROPOSED
COUPLED-LINE IMPEDANCE TRANSFORMER

Figure 1 shows the generalized circuit configuration of the proposed
coupled-line impedance transformer. It consists of an arbitrary-length
coupled line section (Zpe, Zoo, ) and two reactive elements (Zr1,
Zr9). These two reactive elements can be realized by using lumped-
capacitors, lumped-inductors, lossless transmission line stubs including
open-circuit case and shorted-circuit case, or a combination of reactive
lumped- and distributed-elements. Five design parameters (Zoe, Zoo,
0, Xp1, Xpo) exist in this proposed matching structure, resulting in

Figure 1. The circuit model of the proposed coupled-line impedance
transformer.
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wide range of matched source and load impedances (Zs = Rg + jXg,
Z1, = Rp + jXr), various available solutions, and a compact size
(0 < 0.5m).

According to the mathematical results [8], all elements of
impedance matrix that describes the single arbitrary-length coupled
line section with port numbers definitions, as shown in Figure 1, are
symmetry. The impedance matrix elements can be expressed as

Z11 = Zyg=Zs3=Zys=—j <ZO€+ZOO> cot(6) = t;i(%:)’ (12)
Zig = Zioy = Z3g = Zaz = —J (ZOG;ZOO> cot(6) = t;(Zeb)’ (1b)
213 = 231 = Zoa = Zag = —] <Z§esi;(§;)o> N S:IZ(Z;;’ 1o
o= 2= = =~ | B e| - OB

where for simplifying mathematical expression we have assumed that

Z — Z08+ZOO
{ 202 atn )
Zy = 20 5 -
Since the values of reactive elements, Z7; and Z79, are imaginary, they
can be manually defined as

Zr = j X1,
{ Zr2 = jXT12, ®)

where X7 and X9 must be real. It is interesting to point out that the
values of both Xp; and Xpo may be zero (shorted circuit) or infinity
(open circuit). They are two special cases. In addition, the values of
X711 can be equal or unequal to that of Xpo, this is determined by
practical requirements.

Once the reactive elements Zp; and Zpo are connected to the
ports 2 and 4, four-port impedance matrix can reduce to two-port
impedance matrix. Here, in order to guard against confusion and
misunderstanding, the ports 1 and 3 are redefined as the ports [
(Input) and O (Output), as shown in Figure 1. Based on (1)—(3),
the impedance matrix elements for the ports I and O are then

Zo(Z2 — Z2)sin() cos(0) — Z2 X sin?(6)
P +(Z% — Z2) X2 cos*(0) — Zo X1 X712 sin(6) cos(6)
1= 17, cos(0) — X sin(0)][Za cos(8) — Xq sin(6)] — 22

(4a)
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Zio=Zor

. —Zb sin(ﬁ)(XTlXTz + Z2 — Zg)

"7 [Za cos(6) — X2 5in(8)][Za cos(8) — X1 sin(8)] — Z2°
Zo(22 - Z2) sin(@) cos(0) — Z2 X9 sin?(0)
HZ2—Z2) X1 cos?(0) — Zo X711 X2 sin(0) cos(f ) (4¢)

Z 0 c05(8) — X1z 5in(0)][Za cos(0) — X1 sin(6)] — ¢
According to the conversion between the transmission (AB CD) matrix

and the impedance matrix [8], the transmission matrix elements for the
ports I and O can be obtained as

Zo(Z% — Z2 — X711 X712) sin(6) cos(0)
—Z2 X7 sin?(0) + (Z2 — Z2) Xrpo cos?()

(4b)

ZOO_]{

A= Zysin(0) (22 — Z2 — X1 X12) ’ (52)
Z2Xm X1+ (22 — Z2)* — 22X X1 2}
+Z3 X1 X2 — (25 — Zjj)?] cos(20)
B— j +(Xm+ X12)Za(Z2 — Z2) sin(20) (5b)
2 Zysin(0)(Z2 — Z2 — X X1o) ’
= [Zg cos(f) — Xrasin(0)][Z, cos(0) — X1 sin(0)] — Zg7 (50)

Zysin(0)(Z} — Z2 — X11X12)

Zo(Z% — Z2 — X711 X712) sin(0) cos(0)
D —Z2Xrosin®(0) + (Z2 — Z2) X1 cos?(0) (5d)
N Zysin(0)(Z22 — Z2 — X1 X12) ‘
It can be observed from Figure 1 that when the perfect matching is
required, the necessary situation is (The Conj () means conjugate
operation)

AZ; + B (6)
CZ,+D’
Substituting Zg = Rg + jXg and Z; = Ry + jXp into (6) and
separating into real and imaginary parts gives two equations:
AR; — jRsX;C — RsD + jR; XsC = 0, (7a)
B+ jX;A— RsR;C — XgX1.C+ jXgD = 0. (7b)
In Equations (7a) and (7b), the parameters Rg, Ry, Xg, X, are known.
However, other parameters such as Z,, Zp, 0, Xp1, X7 are unknown
and desired. Fortunately, if the values of Z,, Z,, 6 are manually

determined, other two parameters X71, X7o can be calculated by
closed-form equations. Both (5) and (7) are used to derive these

Conj(Zs) =
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analytical design expressions, and the achieved results are

where

Ch =

)

Cs

Cy

Cs

_ G140y
Xopg = S5HEEEVEC SCJ; 2,
_ C14+C3—v2C>
XT2 = Lot 60; 27

—4RsX1 7278 — 2R XsZ27¢ + 4Rs X1 7

—RpX5Z} + 8Rs X1 Z2 cos(20) — 12Rs X1 Z2 Z% cos(26)

+4R X572 7% cos(20) + 4Rs X1 Z;} cos(26)

—2R; X727 cos(46) + R XsZ; cos(46), (9a)
~RpRs[Z} — 272 + Z} cos(20))*{8RL Rs 74

—ARIRLZ? —ARLXFZ? —ARIXEZ? — AX?XEZE
—16RRsZ27Z} — 8X [ XsZ2 7% —AZ2Z} + 11RLRs 7}
+8X 1 XsZ) + 87227} — AZP 4+ AZE|REX?

+R?(R% + X%) — RLRsZ} + (X1 Xs + Z2 — Z£)?| cos(20)
+RLRsZ cos(46)}, (9b)
—4R? RsZ3sin(20) — 4Rs X7 Z3 sin(20) + 4Rs Z? sin(26)
+4RsZ,R3 7% sin(20) — 2R R% Z, 7% sin(26)

+4RsX? 7,72 sin(20) — 2R X2 7,77 sin(26)

+2R Z3 72 sin(20) — 8RsZ3 Z2 sin(20) — 2R, Zo Z; sin(26)
H4RsZ, 7y sin(20)+ Ry, R% Z, Z} sin(46)

+R1 X27,72 sin(40) — Ry Z3 Z2 sin(40)+ Ry, Zo Z; sin(46), (9c)
—4R?RsZ? — 4X3?Rs 7> — ARsZ! + RLR%Z}

+RL X272 + 3R Z2Z2 + 8RsZ2Z} — AR5 Z;

+4[R2 RsZ? — R Z2Z} + Rs X3 7% — Rs(Z% — Z?)*] cos(26)
—Rp(R% + X2 — Z%)Z} cos(40) + 8Rs X 1 Z3 sin(26)
—8Rs X1 7,7} sin(20) + 4R X 57, Z} sin(26)

—2R; X§Z, 7% sin(46), (9d)
—2RsX 1 Z27% — AR XsZ2 72 + AR XsZ) — RsX1.Z;

+8R X574 cos(20) — 12R X5 Z2 Z% cos(26)

+4Rs X Z2 72 cos(20) + 4Ry X s Z;} cos(26)

—2Rs X1, Z2 7% cos(46) + Rs X1 Z;} cos(40), (9e)
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Cs = —4R%R;Z3sin(20) — 4R X273 sin(26) + 4R Z2 sin(26)
+4R; Z,R% 7} sin(20) — 2RsR3 Z, 77 sin(26)
+4AR; X27,7 sin(20) — 2Rs X3 Z, Z} sin(26)
+2RsZ3 7} sin(20) — S8Ry Z3 Z} sin(20) — 2R Z, Z;} sin(20)
+4R1,Z, 7y sin(20) + RsR3 Z, Z¢ sin(40) + Rs X7 Z, 7% sin(46)
—~RsZ3 7 sin(40) + R Z,Z; sin(46), (9f)
C; = —4R%R;7Z? —4X%R1Z? — AR Z! + RsR3 Z}
+Rs X372+ 3RsZ27Z¢ +8R1Z2Z¢ — AR Z}
+A[RERLZ% — RsZ2ZE + R X222 — Ri(Z2 — Z#)?) cos(20)
—Rs(R? + X? — Z2)Z? cos(46) + SR X Z3 sin(26)
—8R1 X5 7,7 sin(20) + 4Rs X1, Z, 7 sin(26)
—2RsX 1,7, 7% sin(46) (9g)
Equations (8a) and (8b) indicate that two solutions are possible for
X711 and Xpo. To assure these two solutions are real numbers, the

argument of the square roots must be non-negative. The corresponding
mathematical expression can be found as

Cy > 0. (10)

Note that there are five design parameters in two Equations (7a)
and (7b). This implies that the proposed coupled line transformer
has three degrees of freedom. Therefore, the values of Z,, Z;, 6 can
be freely chosen when the inequality (10) is satisfied. The flexible
parameter selection of Z, and Z;, (namely, Zy. and Zj,) means breaking
the practical limitation of microstrip coupled lines and other kinds of
coupled transmission lines. Furthermore, once Z,, Z3, 6 are known,
other parameters X7 and Xp9 can be easily obtained according to (8)
and (9). Since the total calculation is based on analytical formulas,
the design theory of our proposed structure is direct and accurate.

3. NUMERICAL EXAMPLES OF THE PROPOSED
IMPEDANCE TRANSFORMER

In this section, several numerical examples are presented to verify the
above closed-form design equations including (8) and (9). As discussed
above, there are many kinds of circuits available in the implementation
of reactive elements X771 and Xpo. Figure 2 illustrates five typical
circuit implementation for a given reactance Xp; or Xpo. Their
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Zin1 Zin2 Z

— Open  —

(1) () 3

~

Figure 2. The typical lumped- and distributed-circuit implementation
for reactive elements X1 and Xpo.

analytical equations are obtained as

Zina = jita;(zgi),
jXTl or jXT2 = Zing = ng tan(ﬁg), (11)
7. o .271'ch2 tan(f4)—Z4
ind _j 2nfCZs+tan(04) °
Zin5 = ]27TfL.

Obviously, there are many kinds of other different combination
structures when lossless transmission line and inductor are used
simultaneously. However, generally speaking, inductors are more
expensive and more difficult to realize than capacitors. Thus, the
inductor (the structure (5) shown in Figure 2) is not chosen usually.
Moreover, for planar transmission line such as microstrip, double-sided
parallel strip line, stripline, shorted-circuit stub (the structure (3)
shown in Figure 2) is harder to fabricated because a via hole is required.
In summary, a pure capacitor and an open circuit stub are preferred
to be utilized as the desired reactance X1 or Xpo.

In the examples in Sections 3.1, 3.2, and 3.3, a coupled-line
impedance transformer with two open circuit stubs shown in Figure 3
is considered. The characteristic impedances (Z7119, Z720) of two open
circuit stubs are equal to 100 €.

3.1. Transformers between Two Arbitrary Complex
Impedances

In this section, the source and load impedances are chosen randomly as
Zg = 504205 Q and Zj, = 10—605 2. The operating frequency is 2 GHz
and all electrical lengths are specified at this frequency. According to
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Table 1.
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The typical circuit configuration of a coupled-line

Calculated circuit parameters of the four simulated

Zoe Zoo 0 011 Or2
Transformers
() () (Degree) (Degree) (Degree)
A 60 71.4804 48.5666
B 110 55 70 64.6251 59.4780
C 80 56.5440 58.0176
D 115 62 90 42.2654 31.8065

the Equations (8b) and (11), the accurate calculated circuit parameters
are obtained, as listed in Table 1, when the practical values of Z,
Zpo, and 6 are determined manually for microstrip. Note that the
even-mode and odd-mode characteristic impedances are the same for
transformers A, B, and C. But the electrical lengths are different.
In addition, the transformer D presents that all parameters of the
coupled line section can be adjusted freely only if (10) is satisfied.
From the simulated frequency response shown in Figure 4, the ideal
matching and lossless transmission at 2 GHz can be clearly observed,

which verifies the proposed closed-form design formulas.
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Figure 4. Frequency response of four calculated transformers (A, B,
C, D) with open circuit stubs: (a) return loss and (b) insertion loss.

Table 2. Calculated circuit parameters of the impedance
transformers, F1, E2, and F3.

Zr, Zoe Zoo 0 011 012
Transformers
(Q) () () (Degree) (Degree) (Degree)
FE1 7.5 34.9032 42.2255
E2 5 110 64 60 36.3843 58.3255
E3 2 36.1018 77.2193

3.2. Transformers for Matching a Extremely Low Load
Impedance to a 50-() Standard Port

Here, the standard port impedance 502 is used as the source
impedance Zg. To demonstrate the matching capability of the
extremely low load impedance, three transformers with 7.5, 5, and 22
load impedances are designed and the accurate circuit parameters are
given in Table 2. Figure 5 shows the calculated scattering parameters
when the operating frequency is 2 GHz. The electrical lengths 671 and
O72 of two open circuit stubs are smaller than 90 degree, indicating
that two lumped capacitors can also be used to realize the similar
performance. Furthermore, the perfect matching at 2 GHz is clear
in Figure 5. The return loss curves in Figure 5 also show that the
bandwidth of matching decreases as the load impedance Zj, decreases.
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3.3. Transformers for Matching a Extremely High Load
Impedance to a 50-¢) Standard Port

Conventional quarter-wave transmission line can’t be directly used
to match a extremely high load impedance because the desired
characteristic impedance is very large and difficult to realize.
Fortunately, this proposed impedance transformer based on coupled
line can overcome this difficulty. Although the transformers F'1, F'2,
and F'3 have larger than 1k load impedances, the final design circuit
parameters listed in Table 3 are realized for traditional microstrip
technology. In addition, the desired matching at the operating
frequency 2 GHz is clear in the calculated return loss shown in Figure 6.

3.4. An Impedance Transformer with Tunable Operating
Frequency (Electrical Length)

If the operating frequency is tunable, the equivalent electrical length
should be adjusted linearly.  According to this principle, four

0 = =

a.“‘-a:\\.;“‘l /. '.,/"’_—. R f/
R \.\\ \ Y, /' _ \ J
o 5 Ve f b o 5 i
z T 2
— A |f."l -
g-10 VR 2 -10
ko VS —a— £ ©
£ V] ——£ £
s W =
g 15 | : a -15 ——r2
& il é —ar3
|
Il
-20 i -20
15 16 1.7 18 1.9 20 21 22 23 24 25 16 17 18 19 20 21 22 23 24
Frequency (GHz) Frequency (GHz)
Figure 5. Frequency response Figure 6. Frequency response

(return loss) of three calculated
transformers (E1, E2, and E3)
with open circuit stubs.

(return loss) of three calculated
transformers (F1, F2, and F3)
with open circuit stubs.

Table 3. Calculated circuit parameters of the impedance
transformers, F'1, F'2, and F3.
Zr, Zoe Zoo 0 011 Or2
Transformers
(Q) () () (Degree) (Degree) (Degree)
F1 1500 80 96.1395 70.7843
F2 1800 100 55 70 103.4270 73.8725
F3 2200 60 111.2955 79.8340
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impedance transformers with the same source and load impedances
(Zs =509, Z1, = 5Q) are designed and their obtained parameters are
listed in Table 4. Note that the operating frequencies are different. In
addition, two pure capacitors are used to realize two reactive elements
X711 and X79. The calculated return loss presented in Figure 7 show
the matching frequencies of these four transformers agree with the
desired ones. From another perspective, it can be obtained from
Table 4 that adjusting the values of two reactive elements X7 and

X719 leads to a tunable operating frequency.

Table 4. Calculated circuit parameters of the impedance
transformers, G1, G2, G3, and G4.
Transf Zoe Zoo
ransfor o 0 0 Xt Xoo
-mers () () (Degree)
85 —486.3991 —91.7261
G1 (at f = (C = (C=
1.53 GHz) 0.2139 pF) 1.1341 pF)
70 —177.8611 —61.8962
G2 (at f = (C = (C=
100 55 1.26 GHz) 0.7102 pF) 2.0407 pF)
60 —120.0583 —52.2071
a3 (at f = (€ = (€ =
1.08 GHz) 1.2275 pF) 2.8227pF)
50 —87.0140 —51.7552
G4 (at f = (= (Cc=
0.9 GHz) 2.0323 pF) 3.4168 pF)
0w I
SRR
—_ -5 L 4 i ?: J
[as] Vo \ II-‘ p—
%.10 " l I," "‘ / l\ 7 —.—g; ......
28 I| | \ f |4 N / —4—G3
[ | | —v— G4
g -15 H fl ¥
Q ‘ |
: | RE
© 20 1
@
D 25
-30 ‘ ‘
06 0.8 1.0 12 14 16 18 20
Frequency (GHz)
Figure 7. Frequency response (return loss) of four calculated

transformers (G1, G2, G3, and G4) with two lumped capacitors.
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Table 5. Calculated circuit parameters of the proposed impedance
transformers.

Zoe Zoo 0 Or1 072
() () (Degree) (Degree) (Degree)
110 65 51 33.71 14.75

In summary, it can be observed from the above examples
that there are four obvious advantages in this proposed impedance
transformer: 1) ideal matching performances for two arbitrary complex
impedances; 2) available matching in extremely low load impedance
case; 3)available matching in extremely high load impedance case;
4) flexible design for equivalent electrical length, namely, operating
frequency.

4. HIGH-POWER AMPLIFIER USING THE PROPOSED
IMPEDANCE TRANSFORMER

Two power amplifier modules are designed to compare the difference
between the proposed impedance transformer and the traditional
impedance transformer [17] in application. =~ LDMOS Wideband
Integrated Power Amplifier MW7IC2240N, which integrated on-chip
input matching, DC block and Quiescent Current Temperature
Compensation (QCTC), is chosen for this design. These power
amplifier modules work at the frequency range from 2010 MHz to
2025 MHz which is a TD-SCDMA frequency band and the average
output power level is 4 Watts.

4.1. The Design Approach

Based on the load impedance provided in the MW7IN2240N data
sheet [18], the output match network should be designed to transform
5.444 4 j6.869 to 50€)2. Considering the microstrip line which is
necessary for the pad of MW7IC2240N and the connection between
the MWT7IC2240N and the impedance transformer, the proposed
impedance transformers and the traditional impedance transformer
should be designed to transform 6.6 4+ j40.4 to 50€.  These
calculated circuit parameters of the proposed impedance transformers
are shown in Table 5. The power amplifier module which uses
traditional impedance transformer (hereafter called “PA-A” for short)
and the power amplifier module which uses the proposed impedance
transformer (hereafter called “PA-B” for short) circuit schematics are
shown in Figures 8 and 9 and the circuit component designations and
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values are listed in Tables 6 and 7. The used substrate is Wangling
F4BK, which has a dielectric constant of 2.65, a substrate thickness
of 0.8 mm and a dissipation factor of 0.001. The size of each whole
module is 145 mm x 75mm and the layout of each amplifier is shown
in Figures 10 and 11.

4.2. Measurement and Comparison

The bias point of each power amplifier is Vpp1 = Vppe =28V, Ipp1 =
90mA and Ipps = 420mA (see Figures 8 and 9). Agilent N5230C
PNA-L Network Analyzer is used to test the frequency response of
these two power amplifier modules and the measured small-signal S-

s Iore

o T T I T 1 I %
T ITITTT

RF,, - = RFout

G-+ 6
J 1 J
R, Zoin Z, Z, Zoout
oo ™ !:\:l [ acTe z,
L -

MW71C2240

Figure 8. PA-A circuit schematic.

Ippy —»
o,

C.

ics

G——HH
R Zoin

Voo om?[_? QCTC

MW?71C2240
Voe °—‘VW—_|__
»I”

Figure 9. PA-B circuit schematic.
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Table 6. PA-A circuit component designations and values.

Part Description Part Description
c 8.2pF Cs, 4.7uF, 35V
Chip Capacitor Cs, Ci3 Chip Capacitors
Gz, G, 10 uF, 35V 0.1 uF
Cho, C14, , T C7, Ci2 ) .
Crs Chip Capacitors Chip Capacitors
Cs, Cs, 5.6 pF Crs 470 uF, 35V
Cn Chip Capacitors Electrolytic Capacitor
s 0.4pF Ry, Ro 10kS2, .
Chip Capacitor 1/4 W Chip Resistors

Table 7. PA-B circuit component designations and values.

Part Description Part Description
8.2pF 4.7uF, 35V
i o Cs, Cs SR
Chip Capacitor Chip Capacitors
10 uF, 35V 0.1uF
Ca, Co, Cro R Cr e
Chip Capacitors Chip Capacitors
5.6 pF 470 uF, 35V
Cs, Cs ) P . Ci u, .
Chip Capacitors Electrolytic Capacitor
0.4pF 10k
Ca R Ry, Ry O. .
Chip Capacitor 1/4W Chip Resistors

Figure 10. Photograph of the fabricated PA-A.

parameters are shown in Figures 12 and 13. As shown in Figure 12, the
PA-A has 1-dB transmission bandwidth of 220 MHz and power gain of
31.8dB. Figure 13 illustrates that the PA-B has 1-dB transmission
bandwidth of 60 MHz and power gain of 34.8dB. They indicated
that PA-B has a narrower band and a higher gain. Fortunately, the
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operating bandwidth of this PA-B can satisfy the requirement of base
stations in the TD-SCDMA communication systems.

Figure 11. Photograph of the fabricated PA-B.
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Figure 12. Frequency response
of the fabricated PA-A.
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Figure 13. Frequency response
of the fabricated PA-B.
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The large-signal test system consists of Agilent E438C ESG Vector
Signal Generator, Agilent N9030A PXA Signal Analyzer, and a 30dB
attenuator. The measured large-signal performance of PA-A and PA-
B at 2017 MHz are illustrated in Figure 14. The linearity assessment
of the designed power amplifiers were conducted by measuring the
3rd-order, 5th-order and 7th-order inter-modulation distortion (IMD)
characteristics using a two-tone signal with 10-MHz tone spacing. The
measured results are presented in Figures 15, 16, and 17. Figure 18
shows the measured ACPR of each power amplifier module. It can be
seen that an ACPR of almost —40dBc at 10dB back-off has been
achieved and the power amplifier module which use the proposed
impedance transformer as the output match network has a better
performance. Additionally, the measured maximum output power can
increase to 33 Watts in the PA-B based on our proposed impedance
transformer, indicating a practical high-power amplifier.
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Figure 15. Measured IMD3 Figure 16. Measured IMD5
characteristics under two-tone characteristics under two-tone
signal. signal.
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Figure 17. Measured IMD7 characteristics under two-tone signal.
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Figure 18. Measured output spectrum of (a) PA-A (b) PA-B at an
average output power of 36 dBm.

5. CONCLUSION

A generalized and novel impedance transformer based on coupled line
has been proposed. The corresponding closed-form design equations
are given by rigorous analysis. = Numerical complex impedance
transformers, extremely low (or high) load impedance transformers,
tunable impedance transformers are presented. Finally, a novel high-
power amplifier based on this new impedance structure is designed,
fabricated and demonstrated with comparable measured results. As
a result, this proposed structure with analytical design approach
provides another alternative matching method for the design of
microwave components and systems.
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