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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
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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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