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For modulation, the s-port correlator can be used together with variam-
pedance loads to generate the mcted radio frequency (RF) signal [1, 3, 4, 8],

Fig. 1. The variable impedance loads are contrdiied baseband signal and are L
to generate different reflection coefficients oa tespectiv
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Fig. 1: Schematic ¢six-port modulator/transmitt

ports on the siyort correlator. The variable reflection coeffiat®modulate anp-
plied carrier signal. The variable impedance loadsusually implemented either
using switches [1, 4], transistors [2, 6, 8] ord#ie [5, 7]

Carrier leakage is a fblem that is likely present when using variable &d-
ance loads together with a -port correlator for modulation [3, 6], and leakade-
grades the performance of the transn-receiver chain [3]. To limit the effect
carrier leakage, balanced modurs can be used [8].

The sixport modulator can be divided into two independantding blocks:
the sixport correlator and the reflection coefficient gexter. Combining these tw
blocks, the theory of the sport modulator can be explained.

In a six-pat modulator, as shown in Fig. 1, an local osaltal_O) source i
connected to port P2 and generates an incident {a,), this wave experiencesf-
ferent phase shifts and attenuations when it pabkgesi>-port correlator to each «
the four output ports (P3R6). The transmitted or outgoing wab, on ports (P3 -
P6) travel towards the impedance |Zxwhere it gets reflected. The reflected wa
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are now at the input on ports (- P6) and a part of it is transferred to the outpmrt
P1. Owing ¢ the phase relations in the-port correlator, and depending on how
impedance loads are selected, a modulated sigriabing bothl andQ data can be
generated. In an ideal sport correlator, it is shown in Section 2 that {bemplex)
modulated output wauva at port P1 i

b, = %fz[(rs +1,)+ (s + ra)]

wherea, is the forward wave at port PI's, I'y, I's andI's are the reflection cod-
cients at ports P3, P4, P5 and P6, as shown inlFigor modulation to occur, tl
value onl'; - I's must change as a function of tii
1.2. Reflection Coefficient Genera

For generation of different reflecticcoefficientsI’y, wherex{34,5,6} is the
port number, it is required to change the load apeeZ, at ports (P:- P6) as a
function of a control voltage or baseband sicV,. The reflection coefficienl’y is
given by (1)

= &)~ Zox
I—X (VX) B Zx(vx) + ZO,x (1)

whereZ, is the characteristic impedance on the transmidanen(TL) connecting
impedance load, to port Fx on the sixport correlator. Observe that (1) is a nonlir
function of the impedance lo:

To model the relation between the |s of the sixport correlator, -parameters
are used. The port numbers are defined as shoWwigir.2. The output port for tt
modulated signal is defined to be P1, whereas R2fised to be the input port f
the carrier (LO). Ports P3 and P4 conse one output port pair (P3, P4) and port:s
and P6 the second output port pair (P5, P6). Dedimeflection coefficientl’), in-
coming @) and transmitted wavid) on each of the ports P3, P4, P5 an

bx = Sx2a2
ay = rxbx

b.l. = S.anx -

The three main steps to get a modulated outputakigre: a) the incomin
wave is transferred from the input port (P2) tatladl other ports in the «-port corre-
lator resulting in the termis, = Spa,, b) the transmitted waue, is reflected on the
load impedancé&, and gives an input wave at porx, a, = I\, and c) the input
wave is transferred to the output port (P1), b, = Syax = Sl 'xSea. The total out-
put wave is the sum of the reflections from eacthefloads at port F- P6:

6
bl = a2 z_‘ésxzrxslx

= 3, (S32 3815+ Sl 4S14 + S5l 5515 + Seol 6Si6)
Using the ideal $rarameters as given i10], It results in

bl=%j2[(r3+r4)+ j(F5+F6)] (2)

the value on the reflection coefficiel'y is in general complex. For modulation ic-
cur, the value o’y must change as a function of time. It is commonI; =14, and
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I's =T's. If the reflection coeffient is approximated as a linear function of thdiag)
baseband voltagé = V¢ + Av

FV)=TNVeu +AV) =Ty +AI =Ty, + AV (3)
wherel'cy = I'(Vew) is generated by the constant common mode voVey, andd

Is the first derivative of" at V¢, 1.€., 6=d—r , andAv the voltage deviation |
Av=0

the baseband signal that changes with time. Comntbel same type of impedan

load is implemented on port pairs (P3, P4) and B8, If[; =1 =T, andl’'s =T =

I'g is used together with (3) d (3), then

= _a_22(r| + er): _a_22 Fem L+ ) +5(AV| + jAVQ) (4)
Carrier leakage RF modulated
it is evident from (4) that only a part of the earrsignala, is modulated to give tr
RF signal, whereas the other part gives an unwasagdr leakage [5]. To avoid tf
leakagd ¢y = O is required.

Two different configurations exist for the implementatiortioé si>-port corre-
lator for use in sipport modulators: a series or a parallel configorafB]. The patrl-
lel configuration generally gives better modulatjperformance and hence most
the reported siport modulators are based on the parallel configanrdl, 3, 4, 8]
The main difference between reported modulatotBasefore found in terms of hc
the impedance loads are implemented and the mawmlulatder they support. Tt
three main types of ipedance loads a

» Switch matrices vary the impedance in discrete st

* Transistors vary the impedance in a continuous way by an al

control signal.

» Diodes -vary the impedance in a continuous way by an anabodyol signal
Impedance loadsnplemented with switches posses a good lineanty due to thei
limited speed, they are limited to low or moderdd¢a rate applications [1,4]. Inrd-
ance loads implemented with transistors or dio@e$ [, 7,8] allow high speed oja-
tion, but may havémited linearity. A common problem with «port based moda-
tors is carrier leakage. The carrier leakage gnssto, for example, unwantec-
band emission of the LO and degrades the perforenanthe receiver that in tu
may decrease the channapeacity [9]. To decrease the impact of any presarrier
leakage and to improve the modulation performatedanced vector modulatc
have been proposed [8]. Unfortunately, their immamation requires several (-
lers and impedance loads, which res in increased system complex

A six-port modulator generates the modulated RF sigmatdly from an LC
source (carrier) in terms of the reflection coedinds at specific ports. The reflecti
coefficients are generated from variable impeddoad:. Hence, if the impedance
controlled by a baseband signal, modulation is iptessThis reflection based ih-
nique to generate a modulated signal is well kn{&jr

In a reflection based modulator (-port), the baseband | and Q data cor
the refletion coefficient present at specific ports and ¢herier wave is multiplie
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with these reflection coefficients to generate aluatated RF signal. In a mixer bas
modulator, the baseband | and Q channels are nnedtipvith the carrier by means
a mixer.

Because the sigort is a passive and linear device, the outputgpaan ben-
creased by increasing the LO power and the useofver amplifier can to somex-
tent be avoided. A typical mixer, based on diodegamsistors, is certainly nonline
and has therefore limited power handling capabilitige reflection based modulati
technique that is used in a -port modulator can be used with spectral shapi-
nearization and digital predistortion techniquesnddulated output signal with go:
properties in time and frequency domain can thus perggec

The relatively new modulator using the multiporthatecture is proposed.
has the low cost as well as measurement accuragsedver, this modulator can
realized on the combined multipoorrelator, so it can be calibrated without pre-
ly known loads.
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N. Semezhev, A.ASolopekinaA.A. Sytnik
MULTIPORT DEMODULATOR
(Yuri Gagarin State Technical University of SaratSeyatov, Russ)

For demodulation, the <-port correlator can be used together with pc« de-
tection, i.e., utilizing secot-order nonlinearity, to recover the baseband si
[1,2,4,5,24], see Fig. 1. Schottky diodes are comynased for power detection a
allow high date rate due to their h-speed property. To recover the baseband s
the modulated RF and a coherent LO are applietidcsib-port correlator. In othe
words, we are using the sixport demodulator in r@atliconversion receiver. Tl
phase relations in the sport correlator together with the nonlinear processliow
to separate the | and Q baseband channels. The sxpaatd Q channels will, di
to the nonlinear processing, not only contain tleted baseband | and Q sign
but also a dc offset. It is well known that dc effss a serious problem in a dir
convesion receiver because the dc offset overlaps theted baseband signal |
However, by taking the difference between port p&t3, P4) and (P5, P6) the
offset can be effectively suppressed in the deddateseband | and Q chann

| _Six-port correlator_ 1, ___ Baseband recovery __

Fig. 1. Schematic of siport receiver. The main building blocks are showneictin-
gles, i.e., the siyport correlator, power detecs and baseband recovery cir
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