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The “True” TLT H-mode Mixer

Transformers are important components in H-mode mixers, but conventional
transformers introduce limitations. Here is a novel H-mode mixer configuration
that uses transmission line transformers (TLI5) for improved performance.

In 2003 I built the first version of my
transceiver with DSP IF processing.! I've
used it since then and I have made many
improvements (both in hardware and soft-
ware). In 2008 I realized that T had to design
a different hardware platform to implement
all my new ideas. I wanted flatter IP3 values
across the bands and better NF. The goal was
IP3 at or above +40 dBm on all HF bands
with the lowest possible NF (without com-
promising IP3 performance). So I started a
new project and needed a new mixer to go
along with it.

The H-mode mixer? > has become a stan-

- dard in high performance HF front ends*in
recent years. It is simple, inexpensive and
performs exceptionally well. I've enjoyed
good results using a single balanced H-mode
mixer variant in my TO3DSP transceiver
and that was my inspiration to pursue the
enhanced H-mode mixer described here.

Martin Bakker, PA3AKE, did excel-
lent research on high-performance H-mode
mixers. His research demonstrated that the
performance of an H-mode mixer greatly
depended on two key components: switches
and transformers.

I was limited to FST3125 switches,
T4-1 and homemade transformers in my
experiments. I had made two test H mode
mixers (one using T4-1 transformers and
another one with homemade conventional
transformers) and measured their IP3 perfor-
mance. Both mixers showed substantial IP3
drops with increasing operating frequency
(+35 to +40 dBm on 160 meters, dropping to
+25 to +30 dBm at 10 meters). I was disap-
pointed with such results, so I started to look
for improvements.

'Notes appear on page 15.
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Figure 1 — RZ4HK’s TLT H-mode mixer.

RZ4HK’s TLT H-mode Mixer

During the Radio Communication 2007
design contest in Moscow (sponsored by
the Suntel Corporation), Gennady Bragin,
RZ4HK, demonstrated his transmission
line transformer (TLT) H-mode mixer. See
Figure 1.

He claimed that it was better than
H-mode mixers that relied on conven-
tional transformers, particularly in terms
of broadband and intermodulation perfor-
mance. But my tests seemed to show that
RZAHK’s approach was really no better than
designs that used conventional transformers.
(Actually, I was able to obtain good num-
bers on one band, but not over the entire HF
spectrum.)

After further analysis of RZ4HK’s TLT
H-mode mixer I realized that there was a
flaw. Look again at Figure 1. During each
half of the LO cycle we have an open line
(T3 or T4), which is connected in parallel

to the input transformers. This introduces
additional parasitic capacitance and hampers
wideband performance.

To craft a real high-performance TLT
H-mode mixer, we must avoid configura-
tions that create open lines in this fashion.
The TLTs should operate without useless
windings/lines that introduce parasitic, reac-
tive loading. Otherwise we compromise the
TLT’s main advantage — its broadband
performance.

Designing the “True” TLT H-mode
Mixer .

I started to think about a TLT H-mode
mixer design that could maximize its perfor-
mance while reducing the number and types
of transmission lines.

A single balanced “true” TLT mixer is
shown in Figure 2. It consists of the Guanella
L:1 TLT (T1) and the Ruthroff 4:1 TLT
(T2).6

The principle of operation is shown in



Figure 3. When switch S1 is closed and S2
is open, transformer T1 will introduce an
additional 180° phase shift (Figure 3A), com-
pared to when S1 is open and S2 is closed
(Figure 3B). In the latter case T1 will act as
just a piece of matched TL. As we can see,
alternating between the two switching con-
figurations effectively results in 180° signal
phase rotation. There are no open lines and
all transformers work in their usual modes
during the both phases of the LO signal. Such

a TLT configuration provides a 4:1 imped-
ance transformation, so we will have a 12.5
Q) output impedance for the 50 Q input, 25 Q
output for the 100 O input and so on.

Now, let’s move to the double-balanced
variant. We need two mixers fed with out-
of-phase signals and a balanced-unbalanced
transformer at the output.

The out-of-phase input signals can be eas-
ily obtained at no cost; we can just connect
two identical mixers (Figure 2) in parallel
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Figure 2 — The single-balanced “true” TLT H-mode mixer.
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Figure 3 —The operating principal of the single-balanced “true” TLT H-mode mixer.
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Table 1
“True” TLT Mixer Conversion Loss (CL, dB)
Band (meters) 160 80 40

4.7 4.8 4.8

4.8 4.9 5.0 5.3

and twist the input lines on the one of them
(Figure 4). The usual Guanella 1:1 balun
transformer is used to combine the output of
the two mixers and convert the balanced out-
put to an unbalanced one. As we can see, only
five simple TLTs were needed for a double
balanced “true” TLT H-mode mixer and only
100 and 50 Q2 TLs were used.

The principle of operation is shown in
Figure 5 (A and B). The double balanced
configuration retains all the advantages of the
single balanced variant (no open TLs) and
introduces even more. The mixer now has
the same input and output impedances. It is
possible to compensate for minor imbalances
in the T1/T3 transformers by using units with
closely matched characteristics.

The Prototype

An idea can certainly look good on paper,
but the real proof is when you actually build
the hardware and take measurements.

The first things I needed to make were the
TLTs. To do this I needed 100 Q and 50 O
TLs. I decided to use twisted wire lines, but
the available reference data needed to make
the line with the required impedance was not
consistent.”® I wanted to be sure the TLs had
the required impedance, so, I used my RLC
meter (it is able to measure inductance down
to 1 nH and capacitance down to 0.01 pF) to

- measure the inductance and the capacitance

of the lines and calculated line impedance
using the following formula:

L

C

After spending some time twisting dif-
ferent wires, I finally made TLs with the
necessary impedances and then subsequently
wound the transformers. Two test configu-
rations (I just assembled the transformers
in configurations shown in Figure 5) were
assembled and tested with the network ana-
lyzer before soldering the transformers on the
mixer board. I was satisfied with the results;
the combined insertion loss of the five-TLT
system was less than 0.3 dB at 30 MHz and
approximately 0.5 dB at 100 MHz. I was
unable to find any imbalances between the
two configurations. It was time to assemble
the mixer and test it.

The mixer schematic is shown in Figure
6. I used FST3125 switches with a 6 V power
supply. The assembled RF unit, which uses
the “true” TLT H-mode mixer, is shown in
Figures 7 and 8.° '

The transformers were wound on
K10x6x5 400HH ferrite cores (10 mm outer
diameter, 6 mm inner diameter, 5 mm height,
400 permeability). The T1 and T5 transform-
ers contain 14 turns of 0.25 mm diameter
twisted silk-lacquer-insulated wire (TL Z
= 100 Q). T2, T3 and T6 were made with

7z =
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Figure 5 —The operating principal of the double balanced “true” TLT H-mode mixer.

Table 2

“True” TLT Mixer IP3 by Band (meters)

160 80 40 20 15 10
IP3 (two test signals F,,— 20 kHz & F,,— 40 kHz, 0 dBm), dBm 46.9 43.2 41.6 394 37.2 37.6
IP3 (two test signals F,,— 20 kHz & F,,— 40 kHz, -5 dBm), dBm 45.1* 43.3 414 39.2 37.0 37.2
IP3 (two test signals F, + 20 kHz & F;,+ 40 kHz, 0 dBm), dBm 45.2 434 42.0 39.3 37.8 38.1
IP3 (two test signais F, + 20 kHz & F,+ 40 kHz, -5 dBm), dBm 47.1* 434 41.9 39.0 37.6 37.6
IP3 (minimal), dBm 451 43.2 414 39.0 37.0 37.2

* - measurements were noise limited
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Figure 6 —The “true” TLT H-mode mixer schematic diagram.
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10 turns of 0.35 mm diameter twisted lac-
quer-insulated wire (TL Z =50 Q).

Resuits

I measured the conversion loss (CL),
IP3 and isolation of the mixer. The CL and
IP3 results are shown in Tables 1 and 2. The
RF-TF isolation was better than 46 dB (the
worst case result on 10 meters; there is no
balance adjustment). The residual LO volt-
age at the RF mixer port was —53 dBV on
10 meters (35 MHz LO frequency), improv-
ing with an LO frequency reduction to
—68 dBV on 160 meters (7 MHz LO fre-
quency).

The mixer showed its best IP3 perfor-
mance (among the alternatives measured
in my lab) over the whole HF range. The
FST3125/T4-1 mixer showed substantial IP3
drop to +25-30 dBm on 10 meters.

Another important feature of this mixer
is that it is much less sensitive to the switch
biasing voltage. (After a test of the biasing
voltage influence I just set the biasing point
to 1/3 V,, the center of the linear portion of
the FST3125 switch transfer function), The
T4-1 variant needed biasing adjustment on a
per-band basis. Also, the “true” TLT H-mode
mixer has much better IP3 amplitude law
behavior and is less sensitive to termination
quality. (T used the simple diplexer shown in
Figure 9 between the 4-pole crystal filter and
mixer, and managed to achieve front end IP3
performance at or above +40 dBm.)

Conclusions
I have presented a novel configuration

- of the H-mode mixer that makes use of TL

transformers. This mixer has definite advan-
tages over those designed with traditional
transformers. It provides better broadband
(both IP3 and insertion loss) performance.
It has the potential to obtain better linear-
ity and less conversion loss since the flux is
effectively cancelled out in the transformer

Figure 8 — A bottom-side view of the RF block.
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Figure 9 —The crystal filter matching network.




cores; the linearity of the “true” TLT H-mode
mixer is determined by the switches alone. It
is much cheaper and easier to obtain good
results when using homemade transformers.
TLTs are usually much less sensitive to the
core material and provide more stable results
when they are homemade with “primitive”
technology compared to the conventional
transformers.

The mixer performance numbers might
be better if the proper termination is used
(two hybridized crystal filters with a diplexer
should do the job), but even with the simple
termination I used, the results satisfy my
requirements.

I think the mixer can be successfully used
on VHF as well. The transformers are not the
factors that limit broadband performance. Of
course, we will need to solve the fast-switch-

ing problem at VHF; fast GaAs transistors

might be the right choice.

Oleg Skydan, UR3IQO, was born in
Kramatorsk, Ukraine in 1978 and graduated
with a Masters degree in Computer Science
from the Donetsk Artificial Intelligence
Institute. He obtained his Amateur Radio
license in 1994 and began experimenting in
transceiver and antenna design. In addition
to his innovative TO3DSP transceiver that

debuted in 2003, Oleg has begun designing and

building its successor, the Neon (http://neon.
skydan.in.ua).
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