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Abstract

GSAS Schottky Barrier diodes with a zero bias cutoff frequency of 800 GHz have been useci in an integrated
circuit balanced mixer operating with a signal frequency centerea at 12 GHz anct an IF of 70 MHz. Lc at center-

>anci was 2.2 dB. For an LO tunable banawiath of over .65 GH5, bhe conversion 10SS was unaer 3.0 aB. No image
filter is used in this mixer. The conversion loss across the image band was greater than 25 dB.

Introduction

This paper reports generally on a microwave mixer
for operation at X-band? anu more specifically on an
integrate mixer circuit having very low conversion
loss. Microwave diocle mixers have been used for m~
years to obtain conversion of a signal at microwave
frequencies to one at a much lower frequency. Such
mixers have been the subject of much study and develop-
ment. However, there is a continuing neeo. for improve-
ments which can result in better electrical perform-
ance, higher reliability, improved reproducibility, awl
lower production costs.

Briefly, the presenb paper Uescribes an improved
intsgra’ted circuit mixer. The mixer includes an inte-
grated circuit dielectric substrate on which is defined
a pair of balanced mixers of the coplanar line-slot line
type. The pair of ba.lanced mixers are so configured
that one of the pair is the mirror image of the other.
TheRF inputs to each are then directly connected
together and the LO inputs and IF outputs are coupled
by 90 degree (quadrature) hybrid 3 dB couplers. This
arrangement causes the image signals appearing at the
RF input line and generatedby each of the balanced
mixers to be out of phase with each other, resultingin
maximum image current or equivalently the short -cir-
cuiteci image condition, but now without the use of an
image filter.

Theory of Image Enhancement

Well known are the f’undamentzd techniques for the
enhancement of mixer operation by the proper control of
the impedances at each of the mixer terminals ad at
each of the fre~encies of importance. The frequencies
of importance are the modulation products which exist
accoting to the heterodyne principle by which the
mixer operates. The received signal (RF), together
with a higher level signal from a loc~ oscilkbor (~),
are appfied to a notiinear elemeti. If the RF signal
is sufficietily small, then the resulting frequencies
canbe given as fn= nfp+ fo; n=-m, . . . ..+m. where

fo= /$- fpl is the output (IF) frequency, fs and fp

being the RF and LQ frequencies, respectively. Note
sleo that for the present application, -f-l corres-

ponds to the signal frequency, and f+l to the conven-

tionally designsted image frequency. For most mixer
app~cations f. < 4 f , thus this notation has the

Tadvantage of that Ifn ~ f+n=nfp; n = 1, . ...+ =; a.n~

the magnitucie of the freqyency is readily identifiable
by its subscript. Further, for a particular group
about nfp, the plus (+) subscript always refers to the

upper sideband and the negative (-) subscript always
refers to the lower siciebanct, The three frequencies at
the ~th th

level are sometime referrea to as the n oruer
idler frequencies.

The loss in converting anRF signalto an IF
signal depends not only on properly matching the RF anti

IF impedances, but also upon properly terminating the
sum and image frequencies as well as various other

idler fre~encies.
1

Equally aa imporbanb as proper
signal termination is the attainment of the properfcmm
of mixer modulation by the LO.

It has been shown that, in a mixer without limit-
ing parasitic, the lowest theoretical~ attainable
conversion loss is obtained with a symmetrical rectangu-
lar ~ drive waveform and dual terminations at the even
and odd idler frequencies (that is, open circuits for
the even and short circuits for the odti idlers or vice
versa). These are the G-and H-type mixers.

In practical cases, mixer aiodes are not purely
resistive. The diode paraaitics play an imporbant role
in the determination of the tiype of mixer to be ueecl
and the type of analysis that applies. The diode junc-
tion capacitance and series resistance represeti the
known diode parasitic. In the literature are founc[
many authors who have dealt with this problem in Y-
mixers. These authors aasumed that the junction capac-
itance short circuits across the variable resistance?
all the higher oraer out-of-band frequencies. Thus ,
only the signal, IF, and image frequency voltages were
consicIered. This assumption reduced the> :-mixer
ec@ations to a complex 3 x 3 y-matriX wkELch coticl be
easily hanaled.

Barber< has presented such an ana3.ys;Ls of micro -

wave Y-type mixers. An extensio#’4 of Barber!s
analysis has allowed the calculation of the conversion
loss of the three frequency Y-type mixer as a function
of the pulse duty ratio and aa fimited by the operating
frequency to cutoff frequency ratio (f/fCC,). AS noted

by Saleh, this type of analysis can be extended to treat
all mixer circuits by considering more thsn three fre-
quencies. If one takes all the out-of-band frequencies
above the m-order idlers to be short- circuited across
the variable resistance, the mixer can be treateci aa a
Y-mixer with 2 m + 1 frequencies. Such s (2m+l)
freqyency Y-mixer can be pr.mviaed with the appropriate
external idlers according to the type of mixer being
analyzeci. The idler termination would include the
junction capacitance and series resistance? as well as
any external termination.

In an earlier paragraph it was poirdx?d out that for
the mixer without limiting paraaitics, th(? minimum con-
version loss was attainea with a symmetrical. square wave
modulation of the resistance. This is an equivalent
pulse auty ratio ofO.5. Figure 1 shows the computed
minimum conversion loss for the Y-mixers (curve A) ana
the H-end G-mixers (curve B). Note that the mixersof
curve A require a variable pulse Uuty ratj-o (Up to 0.5)
while the mixers of curve B neeci o~~ the fixed pulse
duky ra%io of 0.5.

In a practical circuit we are limited by the para-
sitic of the diode and the fact that in s broadband
circuit the open-/shoti- circuited icl~er requiremerks
of the G-type and H-type mixers cannot be reaaily
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att aineci. Thus we apply the extended analysis, as sug-

gested previously, to a mixer with more than three fre-

quencies so that a reasonable number of idlers can be

cent rolled. Such corkrol is then expected to yield a

conversion loss between the two curves shown inFigurel,

and for an equivalent pulse duty ratio of less than 0.5

but greater than the ~ 0.1 as requireci bythe Y-type
mixer for low conversion loss; the low value of pulse

Uuty ratio of < 0.1 being very Uifficult to realize in
actual practice. The impedance which will be generated

across a~ reasonable frequency band to the idlers, in
general, will not be the theoretically desirable open/
short circuits but will usually be restricted to a

range of large mismatch in the form of a aomin&ely
reactive termination. The magnitude of the reactance

will be large or small relative to the signsl (and IF)

impedances when approximating an open-or short-cir-

cuiteci idler.

The control of the idlers is important in obtaining
the low conversion loss, but the dominant frequency to

be controlled is the image. If the image cannot be well
shorted or opened across the full band, then control

of the other idlers will cto no good. Whatever schemeis
used (there are an infinite number of possibilities),

they all begin with means to either open-or short-

circuit the image. Traditionally, image enhanced

mixers have been single- endeci (unbalanced) mixers5$ aa

opposed to balanced mixers, and have suffered the
limitation of narrow band operation imposed by the use

of a narrow band filter for image termin~ion control.
Single-ended mixers do not affect even and odd idler
separations and so are usually constrained to Y-type
mixer operation. Balanced mixers do affect idler
separation as the ocici idlers appear at the input” ana all

the even ictlers appear at the output. This more easily

allows the imposition of the constraints of the G-anti

H-type mixers.

Mixer Configuration

The idler corkrol features of the balanced mixer

are Uesirable and so the balanced mixer was selected

for the present design. Because of the desired large
banciwicith end low IF, image control cannot be obtaineci
by any form of bandwidth limiting filter. Therefore,

two separate balanced mixers are used, the RF inputs
of which are directly connected together and the IX
inputs and IF outputs of which are coupled by 90-
clegree (quadrature) hybrids. See Figure 2. This con-

figuration causes the image signals appearing at the
RF input line and generated by each of the balanced

mixers to be out of phase with each other, resulting in

mtimum image current or equivalently the short-

circuited image conciition. This short-circuit con-
dition is not banciwidth limited because the electrical

length between the diodes of the two balanced mixers
is essentially zero.

The complete circuit is a truly integrated circuit
comprising: microstrip transmission lines, coplanar
strip transmission lines, slot transmission lines, a
coplanar line-slot line hybrid junction for balanced
semiconductor diode modulation, a broadband transition

from slot line to microstrip line, and a broadband

microstrip to coplanar line transition. See Figure 3
and ~.

Figure 3 is a sketch showi.rg the l~out of the two
balanced mixers and the LO hybrid (Lange type) for IO
injection. The IF hybrid is not shown. Figure 4
shows the ciet+ls of the coplanar line-slot line-
microstrip coupler circuits as well as the four aioae
mounting U&ails.

Themixerconfigurat ionisdesigneci to short-circuit

theimage, open-circuit the second idlers, anashorb-circuit

all higher idlers. The parameters of the circuit, when

adjusted for maximum bandwidth, will closely approximate

these conatrainks. The circuit consists of a 180-

degree bybria (“T” junction) at the signal input port

which feeds two balanced mixers. Local oscillator (IO)

power supplied to the balanced mixers haa a constant
phase difference of 90 degrees at the output ports of

the LO quadrature hybrid (Lange coupler). IF outputs

from the mixers are combined in an IF quadrature hybrid.

Due to their difference inphaee, the image and signal

components at IF clue to image ma signal components

received at RF are summed in separabe (end isolated)
arms of the IF hybrid.

A photograph of the mixer is shown in Figure 5.

The circuit is made up of a single substrate on which
is mounted the RF circuit~. The IF hybrid is a 4-
port quadrature hybria of lumped element ciesign and
mounted in a low profile flatpack package.

Results

The following characteristics indicate the advance-

ment of the state-of-the-art performance obtained. The

measured curve of conversion 10Ss versus frequency is
shown in Figure 6. Two curves are shown. The one is

for the complete mixer including all connector losses
IF hybrid losses ana track losses. The lower curve is
a constant 0.4 dB less than the first and represents

the conversion process without the 0.4 cIB loss of the

IF hybrid. Ultimately this mixer will be connected

(without IFhybrid)to apsir of balanced, low-noise
IF amplifiers. The IF will then be combined by the
hybrid and after preamplification. Thus the lower

curve is used for Lc in determining the ultimate noise

figure of the overall mixer. At 70 MHz, a 1.0 UB noise

figure preamp is to be used; thus, an overall noise

figure of ~ 3.0 dB is anticipated for this combination
over a bandwidth of 250 MHz. The instantaneous band-

width is 40 MHz and is limited by the IF hybrid used.

The banci shown in Figure 6 is the tunable bandwidth.

‘I%is does not mean circuit tuning. Only the frequency
of the LO is tuned across the bard to realize the

results in Figure 6.
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Figure 3 - Complete MCC Mixer Circuit.
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