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Fig 1 EER Transverter System — The transverter boaod tsp of the IC718 HF transceiver; the modulatut elass D PA
form part of the CW transmitter in the box on te#,Iwhich also contains a VFO and antenna tunietem

Objectives

The two main objectives of this design are:
To provide a convenient way of transmitting ancereing digital mode signals on the 136kHz and 500&rhateur
bands.
To act as a test bed for transmission of differeatles using the EER (envelope elimination and rattm)
technique for power amplification.

The signal source is an HF SSB transceiver (Icoml8} operating at 4.0 — 4.5 MHz, with audio inpad autput from a PC
sound card. This enables the use of a wide rant@ahd card mode” software, together with the @ment VFO and filter
facilities of the HF rig. The basic transverter ggxhis signal with a 4MHz local oscillator to dhtautput in a range of about
20kHz — 550kHz. The 500kHz class D EER output stgyeerates about 9W PEP. For reception, the spihlis reversed to
convert the LF/MF input signal up to the 4.0 — KIBz range.

EER Technique

Envelope elimination and restoration (“Kahn teclue) is a method of generating amplitude- and ptmsdulated signals
using a high efficiency, non-linear PA, withoutriducing excessive distortion. The signal to beldrag is divided into a
carrier phase channel and an amplitude modulatianmel. The constant-amplitude, phase-modulatetecérequency is
applied to the PA input. The amplitude modulatiagmnal is used to modulate the DC supply voltagth&oPA. The output
from the PA retains the phase modulation in thé&asignal, but now also varies in amplitude pntipmal to the amplitude
modulation signal. Since any type of signal is @ffesly a carrier frequency with a combination af@itude and phase
modulation, the EER technique can in principle beduwith any form of modulation. If the high effioicy amplifier is used in
combination with a switch-mode modulator, very héjficiencies are possible, making the techniqueufar for high-power
AM/SSB/digital broadcast transmitters.

For big, high-frequency transmitters, getting anlsignal requires complicated techniques. THie&ause there is often a
non-linear relationship between PA supply voltatjese and amplitude, plus unwanted phase modulat#nbe introduced in
both modulator and PA. This can be corrected bydistorting the envelope and carrier phase sigmsitsg DSP techniques.
But for LF/MF amateur applications at moderate poleeels, class D (and presumably class E) MOSF&pud stages have
good supply modulation linearity, and little unweahiphase shift. Also, the modulation bandwidthdikety to be no more
than a few hundred hertz, further minimising thelgdems with phase shifts. Requirements for speptrdty are also
somewhat reduced due to low radiated powers.

A switch-mode modulator is used for EER to gethtghest efficiency. But in this design, due to line power output
requirements, a simple linear modulator is usedchvliissipates a significant amount of the DC inpoiver. For types of
modulation with a reasonably high crest factor. fia¢io between average power and PEP), which digial modes are, the
losses in the modulator are not very high. Calidgthe efficiency for some common types of modalgtassuming an
idealised TX system with a 100% efficient PA anskaes modulator that delivers the full supply &g to the PA at
modulation peaks gives:



Al1A (CW), FSK modes (no envelope modulation): 108ficiency
BPSK modes with envelope shaping (e.g. PSK31): 8fitiency
Two tone “IFK” modulation (e.g. “Domino”, “Throb”): 78% efficiency

The power dissipated in the linear modulator wdl] bs a percentage of the PEP output power:

Al1A (CW), FSK modes: Zero
BPSK modes with envelope shaping (e.g. PSK31): oY REP
Two tone IFK modulation (e.g. “Domino”, “Throb”): 14% of PEP

In this theoretical system, the maximum power @igtgid in the modulator is 25% of the PEP. In pcactihere will obviously
be some additional losses in both PA and modulatoactual efficiencies will be perhaps 10 — 2086 linan these figures for
a reasonably efficient class D PA, and modulatssigation will be somewhat higher. But this isl stilich better than a class
AB linear PA transmitting the same modes, and fowgr outputs below a few hundred watts PEP, theedmplexity of a
switching modulator is probably not justified ingttontext.

Overall System Design

A block diagram of the overall system is shown ig 4 (page 5). The driving HF transceiver is openladt 4.1 — 4.5MHz.
This frequency was chosen to utilise some 4MHztatgshat were available; the IC718 can easily bdified to operate on
frequencies outside HF amateur allocations. Thestrerter input circuit is wide-band, so other infrajuency ranges could
be used just by changing the crystal frequencygleecies above about 10MHz would result in pooutput frequency
stability due to increased drift; frequencies belvout 2MHz would require better filtering in thransverter to avoid
spurious responses. The low-level transverter auspaiso broad band, and is about 3dB down at 2Qkhtl 550kHz,
allowing it to be used anywhere in this range,@ltfh the PA is limited to frequencies around 500kHz

The transverter receive channel covers a simiguency range, and achieves about 13dB SNR withnd/Gnput signal in
250Hz bandwidth. At MOBMU, it is essential to usseparate antenna for receive, because the traimgnahtenna picks up a
lot of local noise in the LF/MF range. This levélsensitivity allows the receiving antenna to béesmall.

Most PC “sound card modes” software generates tistutated signal at audio frequency, which is thianglated to the
required carrier frequency by an SSB transmitteru3e the EER PA, the carrier phase and amplitigth@ls must be
separated. Therefore, as well as providing the abfraquency-translating function of a transvertkis system must also be
able to recover the modulation from the RF outguhe transceiver. The carrier phase signal isinbthby feeding the down-
converted modulated signal into a limiting amplifiehe output from the amplifier is a logic-levgusre wave at constant
amplitude to suit the input of the MOSFET gate @rilC used in the PA. The limiting amplifier neédsprovide symmetrical
limiting thresholds in order not to introduce amydie-to-phase conversion. The envelope modulatgakis obtained by
rectifying the HF signal with a diode envelope déte, the output of which is buffered by an op-afmifpwer. The output
from the HF transceiver is set to about 5W PER; Was found to give a clean signal, and the levblgh enough to be
adjusted easily using the HF rig drive level cohteofairly high level also means good linearityobtained from the envelope
detector. The detector output falls to zero betbesinput signal level reaches zero due to the dodwoltage drop of the
diodes. Although this introduces some distortibihais the advantage that the modulator outputisced to zero when the
input to the limiting amplifier is very small, attlde limiting amplifier output is noisy. This redwscthe wide-band noise from
the EER PA output.

The modulator/PA is based on the PA and keying/D@ent limiting sections of an existing class D @ahsmitter design
for 500kHz. The output level of 9W PEP is suffidiém achieve the 100mW ERP “legal limit” permittexdder current UK
NoV regulations using the antenna at MOBMU. A brdtklinear output at up to +13dBm is also availdiden the
transverter.

Transverter Design

The schematic of the transverter is shown in Higagie 6) The prototype breadboard layout is showkig 7 (page 8). The
output from the driving HF transceiver is connegbedmanently to a 3% dummy load, R61, R62. On transmit, diodes D6 —
D9 conduct, effectively connecting the other enthefload resistor to ground via T2. An attenugtedion of the transmitter
output is fed to the diode mixer via the diode $rait/receive switch. On receive, D6 — D9 do notdiart, and the load
resistor is in series with the output of the postenamplifier Q6, Q8. The point of this circuit & make the transverter
robust against being blown up by accidentally taitting into the receive circuits; this arrangemean tolerate a 5W level
indefinitely, and 100W for short periods (until tresistors burn out!), even if the transverter Wer is not connected.

The transmit/receive diode switch uses an ICL766TRET gate driver IC (similar to TC4426) to drivmoat 10mA forward
bias, or 2.5V reverse bias into the switching d®bd, D5. This saves several transistor switcheshias components, and
does not introduce significant noise on receivealbgignal relays could be used instead of diodiéctes.



IC3, a SBL-1 double-balanced diode mixer is usedifovn/up conversion. The LF/MF signal enters avés via the DC-
coupled IF port, to allow operation at low frequiesc The LO signal for the mixer is from a 4MHz st} oscillator using one
gate of a 74HCUO4 high speed CMOS inverter. Theameimg gates form a driver for the BOnput impedance of the mixer.
The LF/MF mixer input/output is filtered by a 550kttbw-pass filter to remove LO and image components

The LF/MF signal is switched between transmit agwkive paths by another diode switch (D1, D2) this case the switch
driver also switches the DC bias to the receivaimgand the transmit amplifier. This effectivelgri@ases the switch
isolation, reducing possible problems with feedblaetveen transmit and receive paths. This is nacgss transmit, where
the overall gain between mixer output and PA outphigh. If an external receive preamplifier wasd with this transverter,
it would be advisable to arrange that this was aigitched off on transmit.

The receive preamp/buffer Q1, Q9 provides a widedld0/N termination at the receive input, and for the mixed low-pass
filter. The gain of this amplifier, and the overgdin of the transverter on receive, is only aro8dB. This minimises
problems due to overloading by strong signals. Adise level is reasonably low to maximise sensitivi

The transmit signal from the mixer is amplified ddyout 30dB by Q10, Q11. An output is taken frors foint via a level-
setting pot and buffer Q12, Q13 for possible ush wilinear PA, or low-level test purposes. Theaalds also applied to a
limiting amplifier to generate a logic-level squavave output. The long-tailed pair Q3, Q4 provideedl-defined
symmetrical limiting action, and Q5, Q15 bring lesvap to 0V, +5V at the logic-compatible carrieragk output. This design
gives a square wave output that is symmetricaliwdhfew percent over a range of at least 30dBvbé¢he peak level of the
modulation envelope.

The envelope modulation is extracted from the Htirsignal by envelope detector D10, D11 and beffdyy op-amp IC5A.
Rectifying the HF signal results in good detectoedrity due to the high signal level availables@lthe high signal frequency
allows small detector time constants, providingcaee filtering without introducing large phaseftshiSchottky diodes are
used for their lower forward voltage drop. The d&deoutput is about +7V at the modulation peaks.

Transmit/receive switching is controlled via the 0M port DTR handshake line for most modes. ThELRrequires its
PTT line to be pulled to zero to go to transmitjekhis done by Q14 (this seems to be a fairly stathdig feature ... but
check!). Q14 also switches MOSFET Q7 on via op-&@%B to produce a switched +12V TX line, which Eed both within
the transverter and for T/R relay switching in B¥® and elsewhere if needed. This arrangement g@lsmates the +12V TX
line if the IC718 PTT line is switched to transmniternally, for instance when operating CW.

Modulator and PA design

The modulator and PA schematic is shown in Figegyép7). The prototype breadboard layout is showiigr8 (page 8). The
PA uses complementary N and P channel MOSFET$aifébridge configuration, which somewhat simpkfigne gate drive
arrangements. The gate driver uses a TC4427 |@mnlby the carrier phase signal from the transvéotea simple VFO for
stand-alone CW operation); the R-C-Diode arrangémeavides the correct DC levels, and also slowsttinn-on transition
of the MOSFETSs to ensure both are not switchedmonlsaneously. The RC “snubber” components (C123,@117, R14,
R15, R16) help to reduce high frequency ringingl@switching transients. The PA output transforraéio is selected to
provide the required output power. The tank civouitput filter uses two cascaded “quarter-wave'egtmns, modified by the
addition of C20 to produce a rejection notch attttiel harmonic around 1.5MHz. The second harmanguite well
suppressed due to the symmetrical push-pull cirbaitmonics were better than 60dB down in the pyp@

The envelope modulation signal from the transvastapplied to the reference input of the modulatdiich is effectively a
series regulator circuit. The feedback loop arol@®I maintains the modulator output voltage at twloe reference voltage,
so the modulation input needs to peak at around™ te get full output with a 13.8V DC supply. Thet R17 allows the
modulation level to be adjusted to a level jusbhelvhere clipping of the RF output signal modulatenvelope occurs.
Transistor Q6 provides DC current limiting in theeat of a low-impedance mis-match at the PA output.

For a switching design, the combined efficiencyhaf PA and modulator are fairly low, at around 6@% with a 9W CW
output. Most of the losses are due to the on-asist of the IRF520 and especially IRF9520 devigkse modern MOSFETSs
are available with much lowerpRn, but these devices were used because they whenth and the output power required
was low.

The schematic in Fig 5 also includes the receiweut bandpass filter, which provides useful refacf high-power MF and
LF broadcast signals for the broadband transv&fteinput. The filter bandwidth is about 150kHz, atwks not require

tuning. The antenna relay is operated by the +1X\liffe from the transverter. The receive filter ingan be connected to the
transmit antenna via the relay, or to a separative antenna. If used, the receive antenna shrad its own T/R switching
arrangements to restrict the amount of RF poweshieg the receiver input during transmit, and twuee possible feedback
to the input of the transmit amplifier chain.



Results and Conclusions

This transverter has so far been tried successftiltyRTTY, PSK31 and DF6NM'’s Chirped Hellschreilmeodes. All that is
necessary to change modes is to load the appregaétivare into the PC and “follow the instructitriBhe sound card output
level is set to a point just below where the HFAIYC starts to operate. The PA modulator level barset by setting the
sound-card software to produce a CW tuning toneaaljusting the output power pot to a point jusbleWhere saturation is
reached. Or better, monitor the RF output on ailloscope, and adjust the pot to a point just belavere the modulation
peaks are clipped. To generate a CW output fonuap, etc, the HF rig is just switched to CW motee 500kHz signal
output seems to be quite clean; Fig 2 shows theedio spectrum of a PSK31 signal, showing all urte@sidebands
suppressed by >30dB. Fig 3 is a wider bandwidtletspm plot, showing that most of the noise in thépat occurs within the
HF rig SSB filter bandwidth; at least some of tisisioise originating from the PC sound card output.

A previous EER system at MOBMU used a similar CR$3A / linear modulator scheme to transmit 1.2kBPFBPSK
signals on the 136kHz band. This worked well, basWmited in its application because it used dategid waveform
generating hardware to produce amplitude modulaiorelope and phase keying signals, which was @edjgned for BPSK
modes. It also required the raw binary data tohi tvhich is not available from most “sound carodes” software. The
system described above is much more flexible andywres an adequate quality of signal. Technicilly,not the ultimate —
the multiple frequency conversions involved, arg milany points at which noise and distortion cambveduced are bound to
degrade the signal to some extent on both traresmditreceive. However, it does allow interesting esotb be tested using
available software, and demonstrates the pradiioafithe EER Technique.

Fig 2 Close-in spectrum (+/- 250Hz) of PSK31 Signal Fig 3 Wider bandwidth spectrum (+/- 3kHz) of Chirped Hel
signal

Future additions and modifications under developgrmesiude:
Addition of a high power EER PA for 136kHz operatiprobably with a switching modulator.
Deriving the 4MHz conversion oscillator signal frahe frequency standard inside the HF rig — thisimiprove
frequency stability to better than 1ppm for usehvgipecialised narrow-band modes such as “Wolf” PSK.

© J.R. Moritz, & November 2007
Version 1

Version 2 — Added photographs and some minor ctores11/11/2007



+12 TX
bt DTR From PC COM Port
PTT Line TX/RX Suwitching
to/from HF Rig
MOBMU HF to LF/MF Transverter and Class D EER PA <
Jim Moritz MEBMU B3/11./20@7
pC
RX Post-Mixer Amp
HF Rig In/Out
4.5MHz, 5W PEP .8z
-
SBL-1 13dB AAN -
. . . Sound Card In/0Out
Double—-Balanced Mixer 58R Dummy Load Driving HF Rig
RX
X ﬁttenuator$
+7clBm o
4MHz Xial Osc ™ _5dem ? 120 DC Supply
Modulation Envelope
Buffer
D+ ¢
—~
Envelope Output . _ _
TX/RX 558kHz Lou-Pass | 2 Envelope Detector @-7u fiMplitude- and Phase-fodulated
f\) RF Output
Set Linear Output Level Series Modulator
Linear Transverter Output @ - +13dBm
| F: ~
RX RP | 5@okHz TX Out
58R RX Imput 5@R Output Buffer Class D PA and Output Filter
-12dBm :
,\L | +3dB +30dB Phase modulated carrier
RX Preamp/Buffer TX Amp

|_/_ “
|
Carrier Phase Output

Limiti A
imhing Amp @ - BV Square Wave

5@BkHz RX Bandpass Filter

5@@kHz RX In

X

Fig 4 — Block Diagram of LF/MF Transverter and EERPA



MBOBMU HF to LF/MF Linear Modes Transverter Tin Moritz, MBBMU 2/11/2087 2 Ené Ré3 6t
ir

1 27R 27R
+12y 33 76les +BU )
s 74HCUB4 pin 14 +2U TX  ppy ol
T Udd q)[ s
4k7 =
~ c3
1@n =
Ic2A c 2 TX input attenuato
176 Bal “bin- EZSI EX §
39R alanced Mixer L 1 uss uop
74HCUB4 = =
= Gl s g ol g
2888 .. g L "
nn &
dled s 5 S Ic4 [CL7ée AN4148 =
= E o Il D5
1Bu 188n o L I B
Tantalum L TX/RX switch S8BR m .
|E7  +.08MHz 1/6 = 2 10en | HH RF in/out
. 3 = 74HCUG4 e 8 = To HF Rig
38p 5ép <3y 8 393 c28 88 "
Tiou ~74HCU@4 pin 7 TX/RX B5@kHz low-pass filer LJ& TV L ¥ 2N2222 HH 168R 31 2
4MHz Xtal osc Uss 15u 22u 4 - " I
driver Fa'a g u- o 9 m RE? _E}.
+12y L1 1 L2 c2 ] " =
> = = " 160R au =
18n 18n = "
gng @ | o T2 Dummy load
G TN @ = =
=’ ©
; ? = o
= ]
W2 uss um [-£ +12V
+2V TX R22 4 s e oof | >
- %7 L5 __|_1ua =TT odEnyelope
IE = a D H aﬂlil'\ out
_Lien ICL7667 ICS o M 5 8- 7y
2 S—hk R Rz G
e T gaTes 168k
o 1@8R
ofJ§ L
wLjm -
LAy 100p
@ 189p []-v ==
20kHz - BEOkHz | 2 ot = RIS cas
RX input ofao cIs| =T+
in 18
SK1 TL
) i
m Envelope detector and buffer
"
" 12 2@kHz — 55@kHz
(1]} Linear out
m qud +13dBm max
= = [
2 ol V,[J +12U TX r*
3 Sl A2
m T T
. +38dB TX amp _E}\
L RX preamp/butfer L ReZ_ 20kHz - 550kHz
= = 47R Carrier Phase Out
o @ - +5V square uwave
@ I~
& -4 svg
+12u 18BUH _[}\
Y Y YL -
- L palsct)
DOC Supply =
npu Jl& ol o -L:lEu 22
~ 208mA s nlls P L Teo +12V TX output
e LM324 T 4 = n 9 pin D mal
> . 2
= RZZ i 5 +120 TX 100uH —Cx2-3
PC COM Port . +12V TX "5 o 5%
Enable RTS to Transmit 4Kk7 _| %25
- : —(X2-¢
: Logic level carrier out -
pin D, fenale we L 7] ™ on Recd e
X1-23— ® 2N2222 o 2 —(X2-9
X-3— rep, ¥ V \o[] LM324 pin 11 o
X1-5 w7 L sUE H & HF_rig PTT line
X1-65%— =G S ol Limiting Amplifier 4 Ground tq, TX
et xon B i}
X1-93— c4L
L COM port / PTT interface =
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Fig 6 Class D PA, Modulator and Receiver Bandpassilker

Q7 - mounted on%C/W heatsink
Q4, Q5 - mounted on 20/W heatsinks

L1 — 4u7 choke — rated at least 1.2A DC

L2, L4 — 53 turns 0.4mm wire on Micrometals T68sfoid core
L3 — 70 turns 0.25mm wire on Micrometals T68-2 tdrcore
L5 — 24 turns 0.4mm wire on Micrometals T68-2 tdroore

L6 — 68u axial leaded choke
D1 — D5 — 1N5819 1A schottky diodes
RL1 — 12V relay with 3A changeover contacts

+

TR1 — Output transformer on 22mm Fair-rite #43 mat¢oroid core (5943007601) (RS Components 4@217)

Primary — 3 turns 0.8mm wire

Secondary — 15 turns 0.6mm wire total, tappeditiorequired output power,

10 turns = 5W
13 turns = 8W
15 turns = 11W

e.g. approximately

C2, 3,12, 13, 17 — 22 should be low-loss typeas,mlypropylene, silver mica, polystyrene, etc.



Fig 7 Transverter prototype — built on a “Eurocard” grdplane breadboard (Roth Elektronik RE201) 1066mm. An
aluminium bracket attached at the left side camlethe connectors and the linear output level (dbte that the schematic
shows 2N2222 and 2N2907 transistors — in the prp&tplastic-packaged equivalents (MPS2222, MPSp@ere actually

used.)

Output
Output Filter Transformer

Fig 8 Class D PA and modulator, built on another 10@& dhm Eurocard breadboard. This board also contaimeg meter
and VFO frequency divider circuits not describedhiis article.



