The Bodger’s Guide to Solid State QRO at VHF

or

How to get serious VHF power without potential electrocution!
John Worsnop G4BAO
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The Bodger’s Guide to Solid State QRO at VHF
John Worsnop G4BAO

« Bodger — (noun)
— A highly skilled itinerant wood-
turner, who worked in the

beech woods on the chalk hills
of the Chilterns, in England

« Bodging (Br. Slang)

— an inexpertly or roughly done
job, typically in the field of DIY.
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LDMOS for Bodgers

_ Modified N-channel MOSFET. r q m 1
Ok

— Three terminals of the transistor
are accessible from the top of -
the Chlp n DEX

— and source is at the bottom B Wall
allowing direct connection to
ground.

— No nasty beryllium oxide p+
insulator needed.

— matching circuitry can be added
within the transistor package.

— Devices that operate up to
about 4GHz

— Vdd typically 28 or 50V.

— 800 Watt plus devices at VHF

— Simple positive gate bias Y. SN
circuitry.

p Epilayes
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Devices- The previous generation

« The legendary MRF151G “Gemini” device

— 300Watts out 15dB Gain to 144MHz VSWR 5:1
« Some surplus amplifiers available
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Devices- What's available now?

. CASE 1486-03, STYLE 1
TO-270 WB-4

o Freescale § MRF6V2300NR1
— Single ended
« MRF6V2300 — 300 Watts 24dB gain 10-600MHz - $83

e “Gemini” PLASTIC
« MRF6VP2600 400 Watts 24dB gain 10-250MHz - $150 MRFV2200NGRT
+ VSWR 10:1
« MRF6VP41kH 800 Watts 22dB gain 10-500MHz - $610

+ VSWR 10:1 (DL4XX 800W amp for 2m)
— And coming soon

 MRFE6VP6300H 1.8-600MHz; 300 watt CW

CASE 375D-05, STYLE 1

* rated up to 65:1 VSWR in CW! NI-1230

PART IS PUSH-PULL

— All these are 50 Volt devices

» Microsemi | ARF476FL
— ARF467FL Lol

» Rated for pulsed operation to 900Watts Peak! O @

* 150 Volt supply O
o o] [o] 4

165V 450W 150MHz
© Bravo Alpha Oscar 2010
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It's the Impedances, stupid!

Power transistors are low impedance devices.
« Typically less than 50hm, resistive and reactive

. You have to match them to 50o0hms
«  Matching circuits have a bandwidth
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It's the Impedances, stupid!

So the (Bodger’s) design process is:
—  Make the device input look like 50 ohms by transforming its input

impedance over the required bandwidth.

—  Make sure the device “sees” the correct impedance load for the power level

—  Make sure the impedance matching doesn’t make the amplifier unstable at
other frequencies.

ZS ource =

zI oad

Input
Matching
Network

Test circuit impedance as measured from

gate to ground.

Test circuit impedance as measured

from drain to ground.

e

¢+ | Under
Test _—

il

FA

source

7 Jom

—~

Output
Malching
Network
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So we need the device datasheets, right?

 WRONG!

— Fine if data is available for the frequency you need
 Much VHF LDMOS is designed for broadcast

» 88-108MHz, 225MHz, 470-860 MHz
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So we’re stuck?

 Amateurs don’t have the technology to
measure device impedances.

 Solet'scallupon.....................
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The Bodger’s subroutine!

Applicable to a “new” design or retuning surplus

make intelligent stab at what
you think might work

then
repeat
cut
try
optimise

until working satisfactorily

end
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Output matching for Bodgers

Drain voltage swings from Vdd
to Vdd,,

This is approximately 0 to Vdd

If we assume the waveform is
sinusoidal

Output power is approximatelycae

POUt - Vddz/ZRLOad

Matching
Network Test / Network

Input ‘—‘ De'.ru:e ’_. Output
' Under - Matching

RG

ZSﬂl.lrtE Z|DEIE|

Equivalent circuit for LDMOS

RD
YL(D CDS
a
m -‘-

Drain

LG ] CGS

T

LD

RGS

L2

R5

Source
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Output matching for Bodgers

« So to deliver the power, the
device needs to “see” Mathing ‘7 {Eﬁ;gﬁ ~ T ring
Metwork Test _— ’_’ Metwork
¢ RLoad= Vddz/zpout zsaurce Zj0ad

Equivalent circuit for LDMOS

RG RD

- We hav_e Cpg In parallel with G e - Drain
the device 2 Jj CoS
14 14
« So our network must T -‘-

resonate this out as well
(conjugate matching)

L2

R5

Source
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Output matching for Bodgers

. So we have our output network requirements!

. R, .q= Vdd?/2P_

. in parallel with conjugate of C¢

. But | prefer series circuits because impedances add.
. So

. Convert this to a series R+-jX format using Maths or a Smith Chart.
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Example 6VP2300H device at
Pout = 300Watts, 50 Volts

« This gives R4 = 4.16 ohms in parallel with Cy5 = 120pF
« Convert this to a series combination and conjugate it.

« Z,=3.2 +j1.76 ohms
« Compare this to the datasheet value of 2.7 +j2.2 ohms
« Close enough?

« Time to get out the Smith Chart
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A brief aside on the Smith”Chart

« A whole day could be given over to

- “Immittance” Chart
its usage / \’( )' \
« It allows you to plot complex 4/.7(‘)' \%"

impedances, admittances and line
lengths.
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A brief aside on the Smith Chart

Series L or C moves you along
constant R circle

Shunt C or L moves you along
constant G circle.
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STE—

A brief aside on the Smith Chart

+X (inductire) et

Usually use “normalised”
impedances,

— i.e (actual Z)/Zo

Positive reactances
(Inductive) are in the upper
half of the chart

Negative reactances N
(Capacitive) are in the lower
half of the chart
Impedance can be plotted
directly 5

‘004
X (capacitive) |
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Gemini Devices - Transformer matching

P
>
& -

Gemini devices are two devices in one package fi\\ﬁi
Designed for Push-pull operation N
A
Transformers allow balun and impedance chsE a750-05 STVLE Y
tranSformatlon PART IS PUSH-PULL
HFinANGSAE D 1 RFouta/VDsa
HFinBNGSBE D _i RFouts/Vose
RF ; A\ RF
IN q|C| } ; . QUTPUT
atching jusm E{ matching| | || ; m matching
| |
i )
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Device mounting -The choices

Clamp
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Device mounting - clamping vs bolting

BOLTED

CLAMPED

> €
2 ¢
d £
- &

s K

Figure 7. Pressure Paper Test Results for Five
TO-272WB Packages with #4-40 Screws at a
Mounting Torque of 4.0 in-lb

Source Freescale AN-3789
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Device mounting — Typical clamp design

= = o
S | 2x Drill b=
T | 7 0.080 T
0.000
20125 —— Y1 T
2x Drill Thru T— ] . 7 0.050
*(—H— (—b—— 0.180
' <0310
' ' 0.360
- —H 0000
- — — - L ——-— 0.080
—_— . I‘I |H|\ 0.263
All dimensions are ininches. I | | | 0975
| F'IIJ L-'I.‘ + T ’-Il"-_ | L"l{l L
g ) | vl
e B |' 2 g
I S5 s°
| —— R5.00

Source Freescale AN-3789
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Device mounting — Getting the heat away

e Use a copper heat spreader!!
e Interface material

£ Nothing when clamping, if the copper heat spreader is flat enough

g

— Conductive grease (RS) f S

— 0.125mm T-GONSO5 (graphite sheet)
— (Mouser)
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A 144MHz design with the 6V2300

e Measured 270 Watts on 2m for 800mW drive.

* Flangeless device clamped down with PTFE clamp.
e Narrow band matching — but no trimmers.

e Currently on Freescale test board.

e Eagle PC design done with bias regulator.
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A 144MHz design with the 6V2300

e Eagle PC design done with bias regulator.

e |
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A wideband design with the MRF6V2600H

e Target
— 400W PEP 4m and 6m
* Flanged device
e Under development
— Not powered up yet!
e Uses transformer matching
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Do’s and don’ts

« Get the heat away quickly!!
« DO Always use a copper heat spreader
« DO try and avoid shunt capacitors (losses)

« DO Watch the output capacitor’s rating and type.

— 100Watts in to 50 ohms means that 1.4 Amperes of RF is
flowing.

« DON'T use trimmers except when “bodging”.
— Shunt capacitors have high currents as well

 DON'T put too much gate bias voltage!
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