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Among different solutions, the six-port receiver 
architecture for broadband communications has recently 
gained high interest. Usually implemented with a direct 
conversion scheme, it has the main advantages of low power 
consumption, good linearity and low noise figure. However, 
on the transmitter side there are very few studies 
demonstrating efficient modulation techniques using the six-
port correlator.  

In this paper, a 7.5 GHz six-port direct-carrier modulator 
is presented. Six-port modulators for quadrature phase shift 
keying (QPSK) schemes were previously reported. In these 
studies passive impedance termination values corresponding 
to SHORT and OPEN conditions at the six-port ports 3-6 
(see Fig. 1) were used. However, for higher data rates M-
level quadrature amplitude modulation (M-QAM, M = 16, 
64, etc.) technologies are necessary. Therefore, more 
impedance termination levels must be generated and 
controlled.  

Fig. 1 shows the simplified schematic of the proposed six-
port modulator. It includes a 7-8 GHz wideband six-port 
correlator, i.e., a 3-dB power divider and three quadrature 
(90°) branch-line couplers, and four controllable impedance 
terminations implemented with cold field-effect transistors, 
(cold-FET). Cold-FET stands for FET operated at zero 
drain-source voltage. The proposed encoding schemes is 
based on equal impedance values at I and Q ports, such that 
Γ3 = Γ4 and Γ5 = Γ6 for every symbol in the constellation 
diagram. The cold-FET topology includes a source resistor 
for symmetrical spreading of the reflection coefficients 
around the origin. The modulator has been tailored around 
an existing wideband 7-8 GHZ six-port correlator. 

In order to validate the 7.5 GHz six-port modulator with 
cold-FET impedance terminations, a six-port modulator 
prototype has been realized on a ROGERS4350B substrate 
of 0.254-mm thickness. The voltage-controlled FET 
impedance terminations are generated using NEC3512S02.  

Figs. 2a and 2b show the six-port modulator spectral 
response for symbol rates of 10 Msymbols/s with QPSK (= 
20 Mbit/s) and 250 Msymbols/s with 16-QAM (= 1 Gbit/s), 
respectively. For a realistic evaluation, the six-port 
modulator was also tested with a six-port demodulator 
(receiver). Figs. 2c and 2d show the input baseband data and 
the demodulated signal from one channel (I) for QPSK and 
16-QAM modulations, respectively.  

The LO signal leakage seen in Figs. 2a and 2b is 
explained by amplitude and phase errors in the ideal 
reflection coefficient map. For future implementations, 
following conclusions are drawn: (1) pair of FETs in the 
same package must be used. For a given transistor (2) the 
baseband signal levels must be optimized for symmetrical 
spreading of the reflection coefficients around the origin, 
and (3) methods for compensation of the parasitic 
components of the transistor can be identified and evaluated. 
In this way multi-level modulation, hence Gb/s data rates, 
can be achieved.  

sLO

sRF

Termination impedances

50 Ω

Six-port correlator

Γ6

BBQ

Γ5 Γ4 Γ3

6 5 4 3

BBi

λ/4

λ/4

RSRSRSRS

1

2

7

 
 

(a)                                                                (b) 
Fig. 1  Six-port modulator simplified schematic. 
 

 
(a)                                                (b) 

 

(c)                                                (d) 
Fig. 2.  Measured spectrum (a) QPSK 10 Msymbols/s and (b) 16-QAM 250 
Msymbols/s. Mod/demod test (c) QPSK 10 Msymbols/s and (d) 16-QAM 1 
Msymbols/s. The input baseband signal (up) and demodulated signal (down). 
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