Image reject mixers

Recall that the image problem for downconverting mixers is not fully solved by the use
of preselection filtering. Filters do not have adequate rejection and require extra space
and power. Recall that an image signal often comes from an out-of-band source which
may be another transmitter or might be due to a spurious signal generated in the receiver
itself.
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A widely used alternative is to employ phase cancellation to reject images. To the extent
that accurate phase and amplitude matching can be obtained, very high image reject ratios
can be obtained. IRR is defined in the equation below:

IRR =10 IogM
Pre

The image rejection process is incorporated into the mixer through the use of in-phase
and guadrature signals. To understand how this process works, we must begin with a
brief review of quadrature signals. For a good exposition of quadrature signals and
image rejection, follow the link, download and read:

Quadrature Signals: Complex, But Not Complicated, by Richard Lyons.

http://www.dspguru.com/info/tutor/quadsig.htm

Next, let’s quickly review quadrature signals and then apply to analog IR mixers.
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Now we have the basis to analyze the image rejection principle used in various mixers.

Mixers can be used to translate signals up or down in frequency. The downconverting
mixers can either mix to a finite frequency (intermediate frequency or IF) or to baseband.
The latter case is called direct conversion or zero IF. The discussion that follows applies
to analog mixers with finite IF output frequency.

Now, let’s apply the quadrature signal analysis to a downconverting mixer called the
Hartley architecture.

Hartley Image Reject Mixer

RF in

O

COos (Wgpt) +
cos (Wpyt)

IF out

This mixer requires a finite IF such that fir is less than either the LO or the RF or IM
frequencies.

The branch with cos LO is the I or in-phase branch; the sin LO branch is the quadrature
or Q branch. The low pass filter (LPF) is required in order to reject the upconverted
output of the mixers.

The next drawings illustrate that the image and desired RF signal are both downconverted
to the same frequency and thus suffer from spectral overlap. The image signal will be
cancelled by shifting the phase of the Q branch by 90 degrees and adding to the I branch.



7~ N

/A )

Dounésmvw* K

desired RF Sigret
Admsn v A



|N Ut

MS]/\&
Y

Dsmomvasy L

Caeprod @

Abosnconacte &
AM A a®
AN
N
x\\\x\
- N ~UAF
? g T
/ p
—UMEF -3 S ownf
/’ — WD \ R
- WM [/ ’ - J-w
/ .L\j\r‘th \\ { %
£
2 L
4 WL(\ ,/?
“\ WILF‘ ; \\
\, AN
/ t,\luo)c
T p e
— Us/n: \ ‘ l i
</ /7
AN
N
AN
\\\
™~

O\/\_\)‘_( 1[\&?\)\% ax U\/i =



() T+ 6 -99° add The Sgna)s &

dewred RF S
AA4S sn phase

- ourof phase \



Hartley Image Reject Mixer T
~

cos (o t) IF out
RF in
IF filter

cos (Wgt) +
cos (wit)

sin (o t)

If the sum components are filtered out, we are left with the difference signals at A and B:

sin(@yt) cos(wgt) + sin(awyt) cos(w;t) — X , = =[sin(wy, — wg)t +sin(w, — ), )t]

2O | —

cos(@yt) cos(wgt) +cos(w,t)cos(ayt) = X g =—[cos(wy, — W)t + cos(@w, — ;)t]

1
2
IFw,<w, and >,

1. 1.
2 2
sin(ax —90) =—cos(ax)
SO

Xco=+ —;—cos(a)R — )t — %cos(a)L -y )t

XIF =XB +XC
= cos(wy — wp )t

ONLY ONE SIDEBAND!!
The other one is cancelled - out of phase.
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Phase shifters

How do we generate quadrature phases with sufficient accuracy for IR mixer
applications?

1. A simple RC + CR lowpass + highpass combination is adequate if precise amplitude
matching is not needed over a wide frequency range. See analysis on next few pages.

f the mixer is a switching mode mixer.
In that case, the mixer output amplitude is not extremely sensitive to amplitude, thus
reasonably good IF amplitude balance can be obtained over some bandwidth. And, the
phase difference between the two paths is always 90 degrees.

These may be adeqauate orLOn

be adequate for phase ge

They are not adequate, however, for RF or IF phase generation if any significant
bandwidth is required. The IRR suffers from amplitude imbalance as shown above.

Polyphase filter

_—— -y

IF out

The RC ~ CR filter could be used for the LO phase shifter, but not for the IF.
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2. If better amplitude matching is needed, then polyphase filters can be a good choice.
They can be cascaded (at'some cost in amplitude) if wider frequency response is needed.

See: F. Behbahani et al, “CMOS Mixers and Polyphase Filters for Large Image
Rejection,” IEEE J. Solid State Cir., Vol. 36, #6, pp. 873-886, June 2001.

Polyphase filters can be used for quadrature signal generation and also for image

rejection. They discriminate between positive and negative frequency signals. There are
a number of desion considerations that
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Fig. 8 Cascade response of five-stage stagger-tuned RC polyphase filter.
Ideally, this delivers better than 60-dB image rejection over the desired
frequency band.
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