Experimentswith Singly Balanced Mixers  WesHayward, w7zoi, 29Jan08

Recently Bob Kopski, K3NHI, built some balanced diode mixers. Bob used a variety of diodes
with both singly and doubly balanced circuitry. The doubly balanced mixers worked as expected,
and the diode type didn’t really matter alot at low frequency. However, Bob was frustrated with
the singly balanced mixers. (Ref: EMRFD Y ahoo Group, 23Jan08, Posting #1361)

Bobused aLO at 12.5 MHz in his experiments, usually with a LO power of +7 dBm. HisRF
input was 5 MHz while the outputs at both 7.5 and 17.5 were observed. The circuit he used was
that of EMRFD Fig 5.19 B. Bob was most frustrated to find that the both converted sidebands at
7.5 and 17.5 MHz had a poor conversion gain of -10 dB or worse.  Bob's RF power was -10
dBm. Much of the literature talks of a conversion loss of 6 to 7 dB.

Bob expressed concern.  First, he asked if he was doing something wrong in his experiments.

(He of course was not.) Hethen ask if the literature was wrong; was it possible that a diode mixer
with just two diodes can really produce alow conversion loss.  Many of us have built two diode
mixers where we had measured very low conversion loss, so we were equally puzzled.

The experimentsthat | did are outlined in Fig 1 below.
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Fig 1. Schematicsfor experiments.

My first experiment is the mixer of Fig 1A. My transformer used relatively low inductance in the
transformer. However, the primary L was still well above the characteristic impedance driving the



primary (5X or more) so the low inductance was not a concern. (I had merely grabbed an already
wound multiple winding toroid from the junk box.) My mixer also had a blocking capacitor at
the IF port. | set up my gear for about the same conditions that Bob had. | used a dightly higher
LO power of +9 dBm, but F o was 12.5 MHz, Fr=5, and Pr=-10 dBm. The R and | termination
impedances were all asolid 50 Ohms. That at L was not quite as good, but gill reasonable. My
first measurement is shown in Fig 2.
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Fig 2. The Spectrum Analyzer was set up for
10 dB per division with areference level of -10 dBm at the top of the screen. The O spur was
moved one major division in from the left edge just to produce reasonable graticule lighting from
the ambient light. The highest output isthe 5 MHz RF feedthrough, just 7 dB down from the
available input of -10 dBm. The converted sidebands at 7.5 and 17.5 indicate a conversion loss of
11 dB or more.

The results are virtually identical with those that Bob obtained. Thiswas not a surprise. But now
we looked at the circuit with greater care with an analytical eye. An explanation emerged
immediately and is shown in aquick experiment that we performed, shownin Fig 1B. We
removed the diodes, disconnected the LO, and measured the loss between the R and | ports. There
was none. Essentially, the two ports are connected directly together. This makes sense when we
examinethe circuit. Assume some load at | and current injected at R.  The current will split with
some of it flowing into the transformer winding with a dot, the “beginning.” The other portion
enters the other winding, but into the “end” without a dot. The two magnetic fields that build in
the core tend to cancel, so thereis virtually no self inductance. If the current split between the two
halvesis not equal, the larger current will produce anet field. This constitutes an inductance with
areactance that tends to reduce that current. The effect isthat the transformer forces an equal
current split with anet field of zero.

The overall circuit result isthat the R and | ports are connected directly to each other in the circuit
of Fig 1A. The output voltage that results is developed across 25 Ohms and not 50 Ohms.  Yet it
isonly the part that reaches the 50 Ohm spectrum analyzer half that we observe as output. We
only see half of the output power. The other part appears in the source impedance at the R port.



