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Abstract -A fiur ther devedtqpmesnitim titee gaplication of negdive  at a rate determined by a local oscillator signalresulting in
fesattizak techmigues to acive doutbe-thelmoed miers is  the following four signal voltages at the collectors of transis-
descibed, in whichhttiee coowegat of single-transbrnmeerdesksss igrg Q, Q, Q, and Q, respectively:

fexattizak is emplayed to improve both the intemodulation z o

iintiexr ogyit poiTt s thee noiEsijure. A generlized tmpolyy is Ax A X[COS (('OL _ws) t+ COS(‘*)L"'OJs) q 1
de[h!sdretdadaradwde&!sdaiataiemmlbmgirmd:mnpmmmghmevm 2 @
perfor maentecod fasemn k= smie e staimtrd raoh b ke bafattizdk active
mixers is pesseést
Ax A, ><[Cos(ooL ~wg) t+ Cos(w, +0 ) q
|. INTRODUCTION Ve, =— 2 @)
With the rapid expansion of wireless communications and

the subsequent crowding of the alloted RF spectrum, designers Ax A, X[Cos (wL _ws) t+ Cos(w L+ ) q
of communications systems have been heavily tasked to detey; = + 3)
mine ways to improve the dynamic range of receiver front ends 2
and at the same time decreasing the power supply demands in
portable communications equipment. While numerous solu- Ax A, X[Cos (oo © ) t+ Cos(oo o ) q
tions exist for the design of low-noise amplifiers with highy s - S 4)
intermodulation performance, the mixer remains the weak link 2
in receiver system design. where A is the peak signal voltage angié the voltage gain

Recently, a feedback topology used in the linearization ¥fhich is determined by:
small-signal amplifiers was employed for linearizing double- / R,
balanced active mixers [1, 2, 3]. This method provides a high™v ~ R, +1,
degree of improvement in intermodulation distortion (IMD),
but does not improve the noise figure (NF). Subsequently, an The second term in the denominator of (5) represents the
alternate feedback topology has been adapted for the impro{ehlinear emitter resistance of the amplifying transistgys Q
ment in the dynamic range of the double-balanced mixer bdRd Q. which is the primary source of IMD in the double-

in terms of IMD and NF, and a portion of the results are pre: O RF OUT
sented herein. Li FNJ

()

Il. SERIESSHUNT FEEDBACK ACTIVE MIXERS

LO+ L4
The double-balanced active mixer, originally invented by R1 L o er o o Rl

Howard Jones in 1966 [4], has undergone a wide variety o N,

modifications and adaptations, but the linearization of this mos_o-

basic circuit has continued to elude designers. By making us 03 as

of a transistor amplifier feedback techniqgue commonly referrec™ ©* | 1

to as series-shunt [5], it has become possible to improve th
IMD performance of the double-balanced active mixer in the
same manner as for the amplifier. Fig. 1 describes a serie: | @ | @
shunt feedback mixer in its basic functional form. Transistors
Q3 and Q6 convert an input differential IF (or RF) sigwal

into a pair of differential currents, which are subsequently” "
switched by two differential transistor pa|r§/Q2 and Q/Q5 Fig. 1 - Series-Shunt Feedback Double-Balanced Active Mixer
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balanced active mixer. These four signals are combined imput currents to the differential switching transistor paijs Q
hybrid transformers Tand T, [6, 7], resulting in a pair of Q, and Q/Q,, respectively, resulting in two pairs of differen-

feedback signal voltages: tial currents:
1-Cosw, t lo*(1-Cosw, t
Vi, = —AXx A xCoswgt (6) ey =1, X > L:__Q ( . L ) + (13)
Vg, = +AX A, xCoswt 0 Cos|ws-w ) t+ Cos(w +w ) tO
b2 A s (7 Ax [Cos 0, t- ( s L) ( s L) 0
. g 2 g
and an output signal voltage +

2xR,
Vv, = Ax A, X[Cos (w -wg) t+ Cos(w  +w ) q (8)
1-Cosw, t _ IQX(1+CosooLt)+

The hybrid transformers also serve to cancel the LO sidc, = ins ¥ > > (14)
nal voltage at the collectors of switching transistors® Q,,
and Q, thus further improving the compression characteris- O Cos (005 -w L) t+ COS(UJS‘H*) L) to
. : . . . Ax[Coswg t+ g
tics of the mixer. Other parameter of interest include the input & 2 B
and output impedances, which, if the turns ratio of the hybrid + o
transformers is 1:1:1, are determined by: Rn
Ry, = Ru=2%x R =\ Rx( B+ C) 1-Cosw, t _lox(1+Cosw, 1)

Lo =1 % = - (15)
2 2

This mixer is relatively simple to make, and a similar ver-
sion which utilizes a resistor network in place of the hybrid g Cos(wg-w ) t+ Cos(wg+w ) t0
p y Ax [Cos wg t+ ( s L) ( s L) 0

transformer [1] has comparable performance [2] and is practi- g 2 5
cal for MMIC applications. The series-shunt feedback mixer -
has been demonstrated to have superior IMD qualities over 2xR,
the traditional double-balanced active mixer [2]. It does not,
however, offer any improvement in NF. 1-Cosw, t o X(l—CoswL t)
les =1y X = - (16)
lll. L OSSLESSFEEDBACK ACTIVE MIXERS N 2 2
0 Cos (ws —w ) t+ Cos(ws+w ) t0
Ax[Coswg t- O

In the design of small-signal amplifiers, the lossless feed- & 2 g
back topology stands out as being the most effective and eco- —
nomical means of obtaining good NF and IMD performance 2xR,
[8, 9, 10]. Fig. 2 illustrates an adaptation of the single-trans- These two pairs of differential currents are then combined
former lossless feedback amplifier topology as a means of ity hybrid transformers Tand T, [6, 7], which results in an RF
proving the NF and IMD performance of a double-balanced R

L3
R3

|

K| K

active mixer [11]. Here, the input IF (or RF) sigoalis ap- b
plied differentially to a pair of lossless feedback transformer: W ]
T, and T, which results in a pair of differential input currents N R3 Tk ] —

+ AxCoswg t

\H—

. =] (10) t
in+ Q
Ry 1 Q2 '
| =y - Ax Coswg t
in- —1Q —Rn (11)

The input resistance, Rs determined by:

2xK2 xR x(M+ N+1) -
Ri = 2 (12)

M? x(M +N) 1~
where K is the turns ratio of the hybrid transformerarid T, Lo-
M and N are the output winding turns ratios of the feedbac|
transformers Jand T, and R is the output RF (or IF) load
resistance. The amplifying transistors &d Q pass these Fig. 2 - Lossless Feedback Double-Balanced Active Mixer
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(or IF) output current and voltage of the driver stages (and Q [13, 14], consisting of base shot
noise (N), collector shot noise (N and thermal noise (N

fow =K X (1o =1 ) =K X (1 ol ofF (17 [13, 14
Cos (g-—w, )t+ Cos @g+w )t
:ZXAX sz (S L)R @S L) ND:1+NC+Nb+NI (23)
n
Vo, =2% Ax K* x R x With respect to the series-shunt feedback mixer, we can
Cos s -0, )t+ Cos @g+w )t expect that the NF will be somewhat greater than we would
X

(18) determine from (22) as there are the additional thermal noise
R - :

contributions from the feedback resistanceatl R, as well
and a differential pair of feedback currents as contributions from the biasing current sources. Conversely,
we would expect that the NF of the lossless feedback mixer to

legs =1 oy +1 o= | Q+M (19) be considerably closer to (22) given that the feedback trans-
Rn formers will ideally contribute very little to the overall NF. In
Lol 4= - AxCoswg t either case, (22) shows that even with the best of transistors
FB2 7 7Ca’ T C5T T Q R, (20) the NF of double-balanced active mixers will remain high.
which are then conducted to the output windings of the feed- V. EXPERIMENTAL RESULTS

back transformers _Tand T, respectively, thus forming the

negative feedback path necessary for linearization. The IF (or For the purposes of demonstration, representative series-
RF) terminating resistance, B determined by: shunt feedback and lossless feedback mixers having the fol-
lowing parameters were constructed and evaluated:

2
- 2XKIXR 1)

M+N Transistors: Intersil (née Harris, née RCA) CA3102
which represents a unique quality of the lossless feedback mixer, Biasing: |, = 10mA
wherein the input has a wideband resistive input impedance Vs g = 2.65V
which is insensitive to the IF load impedance. Va1 g2 g4 gs= 2-00V

o = 12.00V
IV. INTERMODULATION AND NOISE SOURCES Impedance: 50 ohms (input and output)
LO signal: 10MHz, 0dBm
The degenerated common-emitter driver of the series-shunt IF signals: 950kHz and 1100kHz

feedback mixer and the common-base driver of the lossless
feedback mixer have distinctly different characteristics witkor the series-shunt feedback mixer, the particulars are:
regard to intermodulation and noise. First, distortion in an

undegenerated common-emitter driver tends to decrease with T, T MiniCircuits T4-1 (1:1:1)
frequency, whereas distortion in the common-base driver rises R 330
monotonically with increased, and is independent Ao [12]. R, 33

The common-base driver is preferred when wideband opera-
tion is required as it provides a nearly constant input impednd for the lossless feedback mixer:
ance and gain [12]. The NF of common-base drivers increases
monotonically with increasing bias current and in general tends T, MiniCircuits T4-1 (1:1:1)
to be higher than that of common-emitter drivers [12]. O MiniCircuits T2-613-1 (1:1:2)
If the gain and output noise power of the driver stages is R 30
constant across all frequencies, the square-wave switching proc-
ess would increase the input-referred noise contribution from In both cases, appropriate input transformers (MiniCircuits
the driver stage by a factor af/g)?, or 3.9dB. This is a result T4-1) are used to supply differential IF and LO input signals,
of the square-wave LO mixing noise at various frequenciesmmercial parts being used throughout in order that the cir-
down to the IF, and on a linear scale the overall noise poweranfits be repeatable. The test results are shown in Figures 3

T,
T

the mixer would be: and 4, as well as being summarized in Table 1. The series-
shunt feedback mixer shows reasonable good linearity, and the
NF = N x ﬁgg + Ngy (22) results obtained here are consistent with those measured ear-

lier for this type [2]. Compression takes place abruptly, which
where N, is the noise contribution from the differential switch4s characteristic of feedback circuits. The intermodulation prod-
ing pairs Q/Q, and Q/Q,, and N is the input-referred noise ucts remain at 30dBc or better below the point of compression.
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Figure 3 Type 2 Series-Shunt Feedback Mixer
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Figure 4 Lossless Feedback Mixer

the performance to be seen in series-shunt and lossless feed-
back amplifiers.

V. PERFORMANCECOMPARISON

Table 1 summarizes the input intermodulation intercept
point (IR, the 1dB compression point (B, gain, and NF
performance for the described circuits as well as for a compa-
rable Gilbert Cell mixer. It can be readily seen that the lossless
feedback mixer is an improvement over the earlier series-shunt
feedback mixer in terms of both [JBnd NF. The variations in
NF performance between the three example circuits is consist-
ent with established theory relating to the effects of applying
feedback to noisy two-ports [15].

VI. CONCLUSIONS

It has been demonstrated that the dynamic range of active
mixers can be improved by applying feedback techniques com-
monly employed in small signal amplifiers. Test results shown
here indicate that the application of lossless feedback results
in a moderate improvement in IMD and NF performance over
that of the previously described series-shunt feedback mixer,
and the substantial improvement in dynamic range over the
more common Gilbert Cell mixer is advanced.
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