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The development of LNAsfor the frequency range from 1 to 1.7GHz was presented in a lecture at
the UKW Conference 2012 in Bensheim, it was subsequently published in [1]. Dueto the excellent
noise characteristics of the prototype a version for the 70cm band was examined, this gave similar
good results as described in [2]. A 145MHz version has also been tested and the results were
presented at the UKW conference 2013. The problems that occurred and the solutions found are
described in the following text.

1 Introduction

Following the good experience with 1 to 1.7GHz iggested that development should be focussed
on the lower bands. The MM1C properties show thigtfior use in the area of 1.9GHz but the noise
properties are not documented at lower frequendiks. development for a 70cm amplifier was
published in VHF Communications Magazine [2] withetdata obtained. It showed that the
minimum noise figure was virtually constant at NB ©0.4dB even with the reduction in frequency.
These results motivated the development of a vergidhe LNA for the 2m band in the expectation
that such values would be measured there as wedtelwas the following wish list:

= Noise figure: maximum 0.4dB

= (S21) of at least 20dB

= Absolute stability (k greater than 1 up to 10GHz)

= The output reflection S22 that should be possibledéih value = -20dB at 145MHz)
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Fig 1: The 1 to 1.7GHz amplifier removed and applied at Pin 2 via an

inductor directly to the gate the first



Fig2: Thelto 1.7GHzamplifier in itsaluminium housing

pHEMT. The other inductor, L2, on

Pin 7 provides the supply for the
second device. The complete amplifier
operates from a single supply voltage
of +5V.

A big problem with HEMT devices is
stability at lower frequencies giving
the tendency to oscillate. | have found
a simple trick to solve this: with the
decreasing frequency, the resistor R1
becomes more relevant. With approxi-
mately 5@ at the input pin 2 the osci-
llation is stopped.

The CAD program “ANSOFT Desig-
ner SV” [3] was used to determine the

noise performance of the circuit shownHig 3 at 145MHz. The changes necessary to the 1GHz
version are shown in red on the circuit. This waselby changing the values for L1 and L2 as well
as the capacitor C3 and making simulations for thisenfigure NF in dB AND continuous control of
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Fig 3: These marked changes makeit a2m LNA

the stability. An attempt was made to
set the minimum noise figure at
145MHz and to optimise noise figure
NF. It has sufficient stability to
10GHz resulting from in a small addit-
ional 13 resistor in the output circuit
(but close to the output pin of the
MMICs). The grounding coplanar
waveguide with a conductor width of
0.59mm, a gap of 1mm on each side
and a length of 32.5mm was not miss-
ing in the simulation.

The resulting noise characteristics (see
Fig 4) are of course a dream! Howe-

ver, one had to check on a prototype whether shiigie - after all, no noise parameters are coatiin
in the S parameter file for this frequency rangetHese circumstances the simulation program
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Fig 4. This simulated noise figure can not begFig 5: This does not affect stability problems up




' Tf=145 NIHz proceeds by simply applying a linear
(dB) 1 -—————__..dﬂ“ decrease of the noise with decreasing
2000 frequency!
] ~S1 Also the required stability (k greater
L —] than 1 up to 10GHz) is not an issue
r - S22 with the 1% resistor in the output
2000 circuit - as can be seenfhing 5.
i The simulated S-parameters for this
40.00 S12 frequency range are also of no conc-
/ s —— .
L L Jgget— T | ern (Fig 6).
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Fig 6: These are the S parameters up to 1GHz that are of
interested for operation in the 2m band

1.2. Improving the Output Reflection S22

You cannot change anything at the input of an dmplfter a successful noise adjustment, but the
output can be optimised without disturbing the aaikaracteristics. To do this, simulate the circuit
without the 5@ line at the output in order to directly determihe parameters of the MMIC output
pin 7. If we now represent S22 in the Smith chirg (), we see:

At f = 145MHz, S22 results in an output impedanceécvitan be represented by a circuit with R =
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Fig 7: The Smith Chart must be expanded to seg Fig 8: Finally the measurements of the transfo-
and use the S22 details rmer input capacitance and resistance

180Q in series with C = 1.87 pF. If a transformer witle tholtage ratio U = 2: 1 is inserted there the
impedance components change by a factof ef£2 The real part of S22 is reduced to @802 =
45Q and the capacity naturally increases to C = (1.8%pF= 7.5pF.

This can be compensated by an additional inductareeresult is a substantially smaller reflection
S22. The development of the appropriate transfoisiére subject of Part 2.

The output impedance of the first prototype wassuezd with a BOONTON RX meter in the range
from 80MHz to 160MHz. This gave a constant inputamaance of 2.6 pf. In the range of 140 to
160MHz the loss resistance of the ferrite matesa parallel resistance between 5 and G@.gkig

8).

This measured input impedance (2.6 pF in parallti epproximately 5.2R) can now be combined
with an ideal 2: 1 voltage transformer and useithénsimulation since the transmission ratio remains
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Inductances
representing
feed wires

constant over a very wide frequency
range (see Part 2).

The Simulation circuit diagram was
greatly expanded~{g 9). It contains
the ideal transformer, combined with
__|the measured input resistance and the
- linput capacitance. The wires to the
input and output add additional series
inductances. For these thin wires, one
must count as 1nH per millimetre of
the transformer wires which results

Fig 9: The simulation diagram looks much more complica-
ted with the transformer and associated wiring inductances

in 3nH on each side and 6nH on both
ends. In addition the SMD inducta-

nce of 560nH at the output has been

omitted since the power supply of the MMIC can neMéd via the "transformer”.

According to the design, an increase in the "astHtation resistor" at the output of the MMIC from
15Q to 22X) does not significantly increase the stability, does reduce the output reflection S22.
Of course the microstrip up to the output shouldbeteft out.
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Fig 10: All the work on the transformer
has paid off: The S22 curve is now veryj
close to the perfect adjustment point

The Smith ChartKig 10) shows the resu
of this work. A great surprise was the S
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Fig 11: The measurement show a big surprise: the
match was much better than expected

measurement on the prototype board, the resulteeleckthe greatest expectatioR$g(11). The
stability factor "k", is above k = 1 up to 10GHege$ig 12
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Fig 12: A really]
satisfying stabil-
ity curve

The other parameters meas-
ured on the prototype are
also of interest. First S11
was measured-(g 13): the
curve starts with -2dB at
100MHz and drops smoot-
hly to just -4dB at 500MHz.
A value of +28dB at f =
145MHz was measured for
S21 Fig 14); at 500MHz it
is only +24dB.
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Fig 13: S11 looks good Fig 14: S21 of the finished amplifier is exactly

whereit should be
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All components 0603 size unless stated otherwise

Fig 15: The circuit diagram has a few component changes
and an output transformer

Part 2: The output transformer
2.1. Theory

The output transformer consists of coils wound derdte core. If an RF signal is applied to the
input and the output is terminated correctly thikofing effect can be observed if the "coil" has
sufficient inductance:

The signal transmitted is not affected by the ferdore because the magnetisation caused by the
current flow in the core balances the return currém the other hand, the higher the inductance of
the coil and therefore its inductive resistance, libtter the suppression of "unwanted signalss (thi
will also determine the lower frequency limit, sfnmore and more current "flows down to ground”

: through the inductance of the prim-
I F_|g 16:_ A ary side and is therefore missing at
: . simple line

= the output).

G L — : transfor-__ put) . o
Rg=5@ [Uin V/AWM 50 |mer This can be seen in the circuit diag-
= { - / < ram inFig 16:

v Z =50 Ohm If the current that flows back and




forth is identical (fundamental) and the upper aandr on the output side is grounded, the output
voltage is suddenly antiphase, so you have a "lak@reversal transformer”!

If, on the other hand, the grounding on the ouiptemoved, a "ground-free voltage" is obtained and
it becomes a balancing transformer.

2.2. First stage of development: A phase inversion transformer

This stage used the core from an EMI Suppressiorolé-iHerrite Bead by Wurth Electronics
designed for the frequency range of 100MHz to 200MIHs intended for broadband chokes and
has the following data:

= Order number: Wurth 742 75043
= Material: 3W1 200
» Impedance according to data sheet: 961 ohm at 1G0MH

The coil was made from 0.2mm diameter enamelled @opgire with two wires twisted together
(with 5 twists per cm). The two wires were 30cm lagagh and twisted together in a coil winding
machine. The winding machine was run for a predatexd "winding period”.

Reasonable and fast res-
ults can obtained witliey
an impulse reflectom
Semi rigid coax ter. | used a old profesjjl
‘;Vr':g §n= Sf’MU:th ionally instrument fro
connector on one HP that | found in
end HAM Radio Fleg
market! But many radi
and TV companies (
broadband network ins

allers have somethirjy
like this that they usf

= Solder connection
between semi rigid
coax and wire line

Twisted 0.2mm N
enamelled

copper wire
with Z = 50 ohms

N ating complaints on anaply the best measuring instrument for thig

Fig 17: It is easy to measure€

the 5042 line with the correct] CaPle networks. Yok
equipment may be able to borro

such equipment over

weekend.

Fig 17 shows how the development was done: ta|
piece of semi-rigid cable with an SMA connector
one end and open at the other end. The SMA e
connected to the reflectometer and the other e
soldered to the 3D cable that was just made th
tested.

After several tests of the characteristic impedamitie
the pulse reflectometer, it was found that 4 tavssts
per cm" of 0.2mm enamelled copper wire gave
50Q. The corresponding display on the reflector piFig 19: The test setup for the transformer
can be seen iRig 18 which is self-explanatory. to be tested on the network analyser
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Fig 20: An incredibleresult: a 3db bandwidth for|Fig 21: The input reflection S11 also shows an

S21 from 500kHz to 1GHz

interesting curve in thisfrequency range

Three turns were added to the core using this cafdea simple measuring device with two SMA
sockets was assembled from an old RF circuit board.

This arrangement is shownking 19; it was connected to the network analyser to detex S11 and

S21. The result is shown kg 20 andFig

2.3. Second devel opment stage:

21 and it is quite impressive.

The impedance transformer required (with the veltedio U = 2)
This requires two six-hole ferrite cores wound wiflXQ wires. On one side the two wires are then

Z=10Q@ Ohm

Fig 22: This shows how a 4:1 impedance
transformer works

connected in parallel while on the other side they
connected in series. Then:

On the right hand side &fig 22 (with series connected
wires) gives twice the voltage but only half thereat
compared to the left input side. The result is qupl
the resistance on the right which can be descramed
follows:

The terminating resistor of 2Q0is transformed down to
50Q and thus correctly matched to the generator resista
nce.

There are four interesting grounding possibilitiesthe
right side:

= A "ground balanced system" is obtained by groundatgthe centre (grounded at the
connection point of the two wires) giving two eqphbse but equal sized output voltages (each

with the amplitude )).

= |[f you do NOT ground the centre (NO ground at thernection point of the two wires) you get
a "ground free symmetrical system" with two equdHyge voltages OR twice the output

voltage

= Grounding the upper end, the output voltage isévag high as the input voltage but antiphase.
= Grounding at the lower end, an in-phase outputageltis obtained, also with twice the

amplitude of the input signal.



Semi rigid coax

(z=50 ohm 20cm

Internal pulse

generator

Twisted wire line
L (z=100 ohm 30cm
& long)

Open end

The biggest problem with this transformer is the
availability of a high quality 100 line. There is
nothing on The Internet because wires with high
quality Teflon insulation are required. So there
seemed no way forward and that was a big problem.
In order to obtain the characteristic resistandéja

ker wire insulation is required to increase théatise
between the two twisted wires, thus spoiling the-ca
acitance. The result of many experiments was to use
“10 x 0.05” litz wire which gave the desired value o

Z = 10@ with only 4 twist per centimetre. The final
state of the development is shown kig 23. The

Fig 23: Thelmpulsereflectometer shows the characteristics of this 10D line are shown on the
characteristics of the 10002 line from begin-

ning to end

reflectometer.
Two transformers were fabricated and assembled as

follows:

The first transformer transforms from&Q@o 20

and the second is connected to its output as admir
image” with its high resistance side. This getskbac
to 502 and the network analyser can be used to
determine the properties of the deviEeg(24).

' | The results of the measurements are really interest

ing because very good values were obtained for S11
and S21 plus a 3dB bandwidth from 500kHz to
1GHz (Fig 25 andFig 26). This was the same as the
phase reversing transformer in the previous develop

Fig 24: Thefirst test 2:1 transformer

ment stage

The completed amplifier module is shownFig 27

(compare the output witlirig 2). The impedance

transformer is glued to the circuit board with epossin (UHU plus).
Here's another important tip:

The track had to be cut at the MM1C output. If tiisdone with a scalpel it pulls up the track
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Fig 25: Two transformers connected in series|Fig 26: Good valuesfor the input reflection S11
No moreisrequired for S21

at therequired frequency of 145MHz




Fig 28: The PCB must be modified by hand &
shown for the 145MHz amplifier

Fig 27: The completed 2m amplifier

(because the copper layer is not very firmly adthéoethe R04350 material). This can only be done
with a thin diamond cutting disc in the famous drhahdheld drill called "Dremel”

The same applies to drilling holes: This shoulddbae ONLY with carbide drills and ONLY with
the highest speed with the PCB on a hard wood sirf@are should be taken to prevent the drill
hitting and damaging the PCB when drilling the éalgples for the fastening screws.

The layout of the finished board is showrFig 28. It is 30 mm x 50 mm and specially prepared for
the new module. A board for the 1 GHz amplifier wasdified at the marked point by cutting the
output track.

Finally finished - this part was so interesting bung.
Part 3: What other people say

In addition to acknowledging words, the questicieofarose:

What does the amplifier support at the input? Hewt iprotected against over voltage or static
electricity when connected to an antenna?

These are justifiable concerns and therefore itwegessary to think about this in order to prewent
threat.

3.1. Considerations for the permissible input level

If you take a look at a modern DVT stick (as usedaio SDR) you will find a small three leg SMD
device in an SO0T23 package that contains two badiatk diodes. When Schottky diodes are used
the peak value of the input signal is approxima@eflv. The recovery times for such modern diodes
(usually below 100 picoseconds) works well into @idz range and the small self-capacitance of
each diode (usually approximately 0.5pF) keepsdéterioration of the input reflection within
tolerable limits.

The MGA635-P8 has been designed for the "OIP3"dtbider output intercept point) as well as the
"0O1dB" (output 1dB compression point) from 1.9GHBt6GHz

To get to the values for 145MHz consider the follogyi

At 1.96Hz the O1dB value is about +19.5dBm then fog thrcuit with an amplification of
approximately +19 to 19.5dB (according to the ddwaes and my own simulations) this means an
input level of approximately zero dBm.



Since the O1dB value changes very little abovefteguency (that indicates the start of overloading
the final stages) it should also be of the sameroofl magnitude at 145MHz or only just under it.
However, the gain there has risen to +29dB and ed.¢flB compression occurs with a 10dB lower
input level (-10dBm).

It is assumed that the protection diodes do naseany distortion to the input at this frequendye T
level of -10dBm corresponds to a voltage of 70.8m\agreak value of almost exactly 100mV. A
SPICE simulation was used to determine:

= |f the Schottky diodes will cause any problems
= |f the higher level and the resulting limiting effecause additional harmonics in the spectrum.

3.2. The SPICE hour of truth

The first task was to search for an appropriateokyr diode on The Internet, the BAT17-04 was
selected. It is the required back-to-back formahwi capacitance of 0.55pF per diode in an S0T23
SMD plastic package. The most important reason lier decision was availability (CONRAD
Electronics / 0.22 euro from stock). The next stes whe search for a SPICE model for the BAT17,
which was quickly found in a large ORCAD collection:

.model BAT17 D(Is=3.167n N=1.104 Rs=.7144 |kf=8.133m~% Eg=1.11
+ Cjo=921 .1f M=.3333 V|=.5 Fc=.5 Isr=50.62n Nr=2 B¥bv=10u)

* SIEMENS pid=bat17 case=S0T23

* 91-08-29 dsq

*$

This short file should be retrieved and copied enttew text file. This must be saved with the adrre
name and the required extension as a BAT17.mo ifolder "LTsplcelV | lib / sub”.

The simple simulations are shownkig 29. The diodes can be found as "schottky" in thenenil
component library, the name must be changed to 1BATOur newly created SPICE model is then
connected to the directive

.option plotwinsize=0

.tfran 0 10us 0 0.1ns . Include BAT1 7.mod
R1
And thus made available to the simulation. Do nggsm
50 D1 D2 |this instruction
BAT17 BAT17 .option plotwinsize = 0
SINE(0 0.2 145MEG)
.include BAT17.mod For switching off the data compression during gerdhis

is the only way that a correctly simulated spectaan be

Fig 29: The limiting effect of two back- , . . :
obtained via the FFT (Fast Fourier Transformation).

to-back Schottky diodes can be investig-
ated with LTspice




e r s s SN T AW ; The circuit is fed with a sinusoidal signal witteth

: frequency f = 145MHz. The generator has a peak
value of 200mV and a resistance of¢ta0This
result is in an incident wave with amplitude of
100mV. A 10 microsecond simulation was used
with a time resolution of 0.1 nanoseconds in the
time domain with the following instruction:

Fundamental f = 145MHz

.option plotwinsize=0
Jtran 0 10us 0 0.1ns
R1

BAT17 BAT17
SINE(0 0.2 145MEG)
JInclude BAT17.mod

3 x f1 = 435MHz tran 0 10us 0 0.1ns

This achieves 100,000 real computed points and
then allows a secure FFT with 65536 samples.
Fig 30: The diodes cannot cause any damage aff Fig 30 shows the resulting spectrum and in this
the 1dB output point case only odd numbered harmonics can be found
for symmetrical limiting by two back-to-back
diodes! An attenuation of 72dB at the third harmaliows us to breathe a sigh of relief because the
diodes cannot cause any degradation at the 1dB essipn point; the amplifier alone produces the
distortion factor at this point.

It is interesting to compare the additional noigectra generated by the diodes for increasing input
levels inFig 31. The investigation ranges from the peak value2¥@hrough 0.5V and 1V to 2V.
This not only shows the level differences of thenf@nics but also the effect of distortion are diear
visible on the fundamental. The level increase=al#i5MHz above Uo_peak = 1V is insignificant.

The all clear can be given frokRig 32 that shows the time domain signal of the limitgolitvoltage
with a primary voltage of 2V. It does not go to muttore than 0.5V peak and the additional
attenuation of the input by the input resistorhed amplifier has not been taken into account.

Finally, for people who like to construct: | haveraall number of the gold plated PCBs for the 1 to
1.7GHz version with the MMIC already soldered. Depegdn the frequency range required, the
necessary board changes and new components calddx a

For those who are interested in such a circuitdoath MMIC, please contact me (mail@gunthard-
kraus.de). We can also discuss a ready wound idp&dance transformer for this 2m amplifier
version.

Uo_peak = 0.2V v Uo_peak = 0.5V
at f=145MHz -

—3xfo [

I
approx. 500mV

L]
\
B
|

|
|
7

Uo_peak =1V Uo_peak =2V

—3xfo oa —3xfo

Fig 31: When the primary voltageisincreased to|Fig 32: The diodes fulfill their limiting task|
2\ many harmonics can be seen plusthelimiting correctly and do not allow a peak value higher
effect of the fundamental than approximately 500mV
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