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Abstract - The design of a novel wideband RF signal combiner 
suitable for LINC transmitters in CMOS technologies is 
presented in this paper. Compared to the conventional narrow- 
band design, the widehand architecture achieves a small 
reflection coefficient (less than 0.3) suitable for wideband spread 
spectrum multi-user mobile systems. A 0.18pm CMOS wideband 
signal combiner, designed to add two 8GHz signals and deliver 
1SW to the antenna from 1V class F power amplifiers, is 
presented and compared to a narrowband design. 

I. INTRODUCTION 

To achieve a high capacity and bandwidth efficiency in 
cellular networks, future generations of mobile handsets will 
utilize channelizations lie WCDMA and modulations lie 
QPSK. As a result, the transmitter must be extremely linear to 
preserve the narrowbandness of the output signal. The Power 
Amplifiers (PAS) at the output of the transmitter must provide 
the linearity required by the communication scheme at the 
maximum output power to avoid any distortion of the envelope 
of the signal. This linearity must be maintained over a large 
bandwidth required by the high channel bit-rates at radio 
frequencies. The PAS must also exhibit high efficiency to be 
suitable for use in portable devices, where battery size and life 
are at a premium. 

Designing a linear transmitter architecture for spectrally 
efficient communication systems, using constant envelope 
signals in conjunction with nonlinear PAS, can result in 
excellent power efficiency. To achieve this objective, systems 
like LINC (Linear amplilication using Nonlinear Components) 
[l], CALLUM (Combined Analog Locked Loop Universal 
Modulator) [2] and VLL (Vector Lacked Loop) [3] have been 
developed. 

The essence of the LINC transmitter realization, illustrated 
in Fig. 1, is to represent an envelope varying signal by two 
constant envelope signals with varying phases and amplify 
them separately using nonlinear amplifiers. The two signals are 
given by 

Q(t) = rmaxe 
j[o,t + 9(t) + e(t)1 

(1) 

s*(t) = rmaxe 
jloct + 9(t) - e(t)1 

(2) 

where +(t) is given by 

I$([) = tan-’ g L I (3) 

and Cl(t) is given by 

e(t) = cos -, 
1 1 
/s;(t) + S,g) 

%m 
(4) 
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s,(t) and s,(t) are quadrature baseband signals and rmar is the 
mz+mum peak of the envelope. The two amplified constant 
envelope, varying phase signals are then added together to 
produce an amplified linear replica of the input signal. 

One of the main bottlenecks in the design of a LINC 
transmitter is how to combine the two wideband constant 
envelope signals on-chip with minimum loss. Using active 
combiners is not possible because of high loss and nonlinearity 
introduced at high output power levels specially at high 
frequencies. Using passive combiners which feature wideband 
low loss characteristics are therefore the preferred alternative. 

The design of a CMOS wideband RF signal combiner 
suitable for LINC transmitters and its performance compared 
to a conventional narrowband design are presented in this 
Paper. 

II. CIRCUIT DESIGN 

The power amplifiers of the LINC transmitter can be realized 
using one of the nonlinear switching architectures such as class 
E or class E A class EPA, can achieve maximum efficiency at 
low supply voltages because of its higher optimum load 
compared to a class F design [4]. However, a class E PA 
requires the power switch to handle higher voltages as 
compared to a class F design making the class F the preferred 
alternative to realize the PAS. 

A possible realization of the LINC transmitter front-end 
using class F PAS is illustrated in Fig. 2. The quarter 
wavelength (&J4) transmission lines connected between the 
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switchine transistors and the antenna oetform three tasks. First. 
they form the class F PA architectures [5,6], second, they make 
the summation of the two constant envelope withvarying phase 
signals feasible at the antenna [71 and third, they match the 
output resistance of the switching transistors to the antenna 
through the transformation 

(3 

where Z, is the characteristic impedance of the &~/4 
transmission lines, Zi, is the effective impedance at the drain 
of the power transistors and Zout is the impedance of the 
almxlna. 

v .---_ 

Rg. 2. Realizmon of the LlNC tramminer front-end 

Realizing the LINC transmitter front-end using off-chip v4 
transmission lines achieves the best performance but results in 
a bulky design. Using on-chip w4 transmission lies occupies 
a large silicon area and results in a costly design. Realizing 
on-chip hc/4 transmission lies with lumped elements is a 
possible alternative to achieve an economical and compact 
design. The realization of such lumped transmission lines and 
their wideband matching characteristics are discussed in the 
following section. 

A. Realizing On-Chip &I4 Transmission Lines with Lumped 
EltVItVltS 

Cascades of n segments of LC ladder low pass networks can 
be designed to emulate the delay characteristics of a &,/4 
transmission Lie as shown in Fig. 3. 

vmc*~- -* c/2 

=-x/-Jv 
ISf segment .* segment 

Fig. 3. A LC hkier network to reahze lumped transmission line 
The values of L and C in the n configuration must be selected 

as follows [7] 

20 
L=4nf 0 

and 

where fo is the operating frequency of interest and n is the 
number of II segments used to realize the &J4 LC ladder 
network. The cutoff frequency of the lumped lime is given by [8] 

(8) 

Emulating the transmission lines with a large number of 
lumped on-chip inductors and capacitors [7], increases the 
cutoff frequency of the lumped line, but results in large signal 
loss and reduced efficiency because of the long signal path from 
the PAS to the antenna. The loss is due to the substrate coupling, 
high sheet resistance and high frequency skin effect of the 
metal layers used in modem IC technologies. 

B. Wideband Impedance Marching 

Impedance matching using a single &,/4 line, as illustrated 
in Fig. 4(a), uses one step to transform Zin to Z,,,. For large 
impedance transformation ratios, the reflection coefficient 
between the two impedances increases resulting in a 
narrowband impedance transformation. 

To achieve wideband impedance matching, the transfotma- 
tion must be performed in smaller ratios to reduce the reflection 
coefficients between the transformed impedances. The 
Impedance matching using cascades of three lines is illustrated 
in Fig. 4(b). 

line 1 

Fig. 4. Impedance matching using, (a)single line, (Qcascades of three lines 

In this case, the impedance Zt and Z, looking into the 
outputs of lines 1 and 2 respectively must satisfy 

Zin<Z1<Z2<Zout (9) 

As a result, the characteristic impedances G,. Gz and hx 
of the cascaded lies must satisfy the equation 

zol <zoz <zo3 (10) 

Since the impedance matching in the two approaches 
illustrated in Fig. 4 aim to achieve the same overall 
transformation ratio from Zin to Z,,t, therefore 

z = zo1.zo3 
0- 

ZO2 
(11) 

Therefore, equation(lO), implies that 

ZOl < Zo (12) 

and from equation(7), it results that the lumped capacitance 
required to realize qt is larger than the one needed to realize 
&,. To deliver a large output power to the antenna, a large power 
transistor with high current handling capability is required. 
Such a transistor has a large parasitic capacitance at its drain 
which can be included in the realization of qt. 

III. EXPERIMENTAL RESULTS 

The 8GHz narrowband and widebaod J,,/4 lumped line 
combiners use the two top metal layers (35pm wide) in a 
0.18pm CMOS technology, to realize low loss signal paths and 
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inductors. The inductors were optimized and characterized 
using Momentum simulator of HPADS. The circuits and chip 
micrographs of the narrowband and wideband hc/4 combiners 
are shown in Figs. S and 6 respectively, and are designed to 
transform 0.550 impedance to match the SOQ antenna. 

(b) Imw 
Fig. 6. Wideband w4 lumped line, (a) schematic, (b) chip micrograph 

Small inductors were realized using metal strips. The large 
650pH inductors were realized using 1.5 turns octagonal shape 
layout with 120pm outer radius and 0.6pm spacing. The strip 
inductors were modeled using a series combination of 
resistance and inductance while for 65OpH inductor, the II 
model shown in Fig. 7 was used. 
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The measured S-parameters of the two J,j4 combiners, 
shown in Figs. 8 and 9, were obtained from 13OMHz up to 
2OGHz using a HP8720B Vector Network Analyzer with 
1OOHz IF bandwidth. No on-chip output resonator was used to 
suppress harmonics other than the 8GHz frequency. The input 
and output reflection coefficients (GAMMA) of the 

narrowband and wideband Au/4 lumped lines, are shown in 
Figs. 10 and 11. For the narrowband &,/4 combiner, the input 
aad output S-parameters and reflection coefficients are the 
same because of the design symmetry. 

In general, the relative inaccuracy of the simulation results 
compared to the measurement is due to the modeling 
imperfections of the small strip inductors. Comparing the 
GAMMA of the wideband and narrowband u4 combiners 
shows that the input and output reflection coefficients of the 
wideband design are smaller than those of the narrowband 
design over a wider bandwidth centered at 8GHz frequency. As 
a result, the wideband design can achieve better matching and 
improved efficiency for broadband communications. 

IV. CONCLUSION 

The design of a wideband RF signal combiner suitable for 
LlNC transmitters in CMOS technologies was presented in this 
paper. Compared to the conventional narrowband combiner 
design using a single quarter wavelength lumped line, the 
wideband architecture results in a small reflection coefficient, 
(0.31, over a large bandwidth making it suitable for spread 
spectrum multi-user mobile systems. The narrowband and 
wideband &j4 lumped lines were designed in a standard 
0.18pm CMOS to add two 8GHz signals and to match 0.550 
source resistance to a 500 antenna and deliver 1.5W power 
from a 1V supply class F power amplifier. The narrowband and 
wideband &,/4 lumped lines occupy ai area of 4OOx5OO~m* 
and 4oOx1400~m2 respectively. 
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