Radio Society of Great Britain

RadCom ◆ December 2013

Mike Richards, G4WNC

◆

e-mail: mike@photobyte.org

Equipment Review

RSGB

100 YEARS 1913 - 2013

Zeus ZS-1 HF transceiver
A fully digitised SDR transceiver with general coverage reception
The new Zeus ZS-1 HF transceiver is a fully
digitised design featuring continuous general
coverage reception from 300kHz through to
30MHz plus up to 15 watts transmit on the
classic bands plus WARC bands. Being a
fully digitised SDR transceiver, the hardware
is virtually a ‘black box’ (silver in this case!)
that carries all the interconnections with the
transceiver’s controls created through the
PC software. The original hardware design
and software development was by PARS LLC
in Saint-Petersburg, Russia with Alexandr
Gromov (UB1AGD) responsible for the
hardware and Yan Alekseenko the software.
The model reviewed here was built under
licence by SSB-Electronic in Lippstadt,
Germany.
HOW IT WORKS. <RXFDQVHHDVLPSOLÀHG
block diagram of the Zeus ZS-1 in Figure 1.
Following the surge protection, the antenna
is fed to a software controlled 0 – 30dB
attenuator (10dB steps) that is used to
manage the input level to avoid overloading
the Analogue to Digital Converter (ADC).
The output of the attenuator passes via a
0+]KLJKSDVVÀOWHUIRUIUHTXHQFLHV
above 1.5MHz thus reducing the risk of
overload from powerful medium wave
broadcast stations. This is followed by a
0+]ORZSDVVÀOWHUWRHOLPLQDWHVLJQDOV
RXWVLGHWKHUHFHLYHU·VKLJKIUHTXHQF\UDQJH
Before being applied to the main pre-selector
ÀOWHUVWKH=6KDVDVZLWFKDEOH/RZ
1RLVH$PSOLÀHU /1$ WKDWFDQEHXVHGWR
provide 14dB of additional gain. The main
SUHVHOHFWRUÀOWHUEDQNFRPSULVHVDVHWRI
ÀOWHUVWRFRYHUWKHDPDWHXUEDQGV7KLV
VDPHEDQNRIÀOWHUVLVXVHGIRUWKHWUDQVPLW
signal so large toroids were employed as you
can see in Photo 1).
For use outside the amateur bands, the
pre-selector can be bypassed in software by
routing the signal via an attenuator that’s
VHWWRPDWFKWKHORVVRISUHVHOHFWRUÀOWHUV
Following the pre-selector the signal is
IXUWKHUDPSOLÀHGXVLQJD /1$ DQGDSSOLHG
to the ADC via another 30MHz low pass
ÀOWHU7KH$'&HPSOR\HGLQWKLVGHVLJQLV
the Linear LTC2217, which provides 16-bit
digitisation and is set to sample at a rate of
100 million samples per second (MSPS).
The resulting output is a stream of16-bit
parallel words arriving at a rate of 100
million per second! That’s a lot of data to
process and way too much to try and send to
a PC. This is where the Field Programmable
Gate Array (FPGA) comes into its own. These
devices contain a wide range of high speed

),*85(6LPSOLÀHGEORFNVFKHPDWLFRIWKH=HXV=6GLJLWDOWUDQVFHLYHU

SURFHVVLQJEORFNVWKDWFDQEHFRQÀJXUHG
in software to create complex digital signal
processing systems. The Zeus ZS-1 employs
an Altera Cyclone III FPGA to do all the high
power processing as well as providing the
general control of the transceiver’s functions.
In the receive mode the main role of the
FPGA is to provide a more manageable slice
of digitised bandwidth that can be passed
to the PC for processing and demodulation.
This process is known as decimation and
the output is a stream of IQ data that can be
set to one of 9 pre-set bandwidths between
10kHz and 4MHz.
The transmit path is relatively simple as
the modulated transmit signal is generated
entirely in the digital domain by utilising a
combination of the PC control software and
the FPGA. The 14-bit output from the FPGA
is applied to a Digital to Analogue Converter
(DAC) running at 100MSPS where the
output is a low-level, modulated, analogue
VLJQDODWWKHFKRVHQIUHTXHQF\7KLVVLJQDO
SDVVHVYLDD0+]ORZSDVVÀOWHUWRWKH
same LNA as used on receive. When the
ZS-1 is used in its low power mode, this
DPSOLÀHUFDQSURYLGHXSWRP:RI5)

output. In normal use, the output of the
/1$IHHGVD&ODVV$%SRZHUDPSOLÀHUXVLQJ
a pair of RD16HHF power MOSFETs that
delivers up to 15 watts RF output. The PA or
LNA output is then applied to the main preVHOHFWRUEDQNIRUÀQDOÀOWHULQJEHIRUHSDVVLQJ
to the antenna.
CONNECTING UP. The ZS-1 is supplied
with a CD-ROM containing the operating
software along with the operating manual in
PDF format and a USB lead for connection
to the PC. Photo 2 shows the rear panel of
the Zeus ZS-1 where all the connections
DUHPDGH7KHSRZHUUHTXLUHPHQWLV
– 15V DC at 4A using a standard coaxial
power connector. The antenna connector
is a SO-239 50Ω device and the USB link
is via a mini-USB connector. A wing nut
terminal was also provided for the station
earth. For Press-To-Talk (PTT) control there
was a 6.3mm stereo jack where grounding
of the tip put the ZS-1 into transmit. This
connection could also be used to transmit an
unmodulated carried by grounding the ring
of the jack. The key connection also used
a stereo jack and could handle straight or
23

p23_27_radcom_dec13.indd 23

06/11/2013 11:27:26

Radio Society of Great Britain

RSGB

Equipment Review

December 2013 ◆ RadCom

100 YEARS 1913 - 2013

PHOTO 1: I nternal view of the Zeus ZS-1
VKRZLQJWKH7[5[ÀOWHUEDQN

paddle keys with the precise keying function
FRQÀJXUHGYLDWKH3&VRIWZDUH
The audio in for the microphone (or
datamodes) and audio out to the speaker
HPSOR\HGWKH3&·VDXGLRV\VWHP6HOHFWLQJ
the appropriate soundcard was done using
DVHSDUDWHDXGLRSDQHODFFHVVHGYLDWKH
6HWWLQJVPHQX+HUH,ZDVDEOHWRVHOHFW
from any of the soundcards connected to
P\3&7KLVVHOHFWLRQFRXOGDOVREHGRQHRQ
WKHÁ\ZLWKRXWKDYLQJWRFORVHDQGUHVWDUW
WKHVRIWZDUHZKLFKZDVKHOSIXO,I\RX·YH
XVHG6'5VSUHYLRXVO\\RXPD\KDYHQRWLFHG
WKDWWKHUH·VDSURFHVVLQJGHOD\WKDWFDQEH
RIISXWWLQJ7KH=6DXGLRVHWWLQJVJDYHPH
WKHRSSRUWXQLW\WRFKRRVHDQ$6,2GULYHUWR
PLQLPLVHWKDWGHOD\7KH=6DOVRLQFOXGHG
an optional pseudo stereo effect that claimed
WRKHOSLPSURYHUHDGDELOLW\,·PQRWVXUHRI
WKHEHQHÀWEXWLWVRXQGHGSOHDVDQWHQRXJK
7KH$&&VRFNHWZDVSURYLGHGIRUWKH
control of miscellaneous external equipment
such as linears, pre-selectors, antenna
VZLWFKHVHWF7KH=6SURYLGHGFRQWURO
channels each of which had an open
collector output that could source up to
P$DW97KHDFWLRQRIHDFKFKDQQHO
ZDVSURJUDPPDEOHLQWKH3&FRQWURO
VRIWZDUH7KH7[MDFNSURYLGHGDQRWKHU
P$9RSHQFROOHFWRURXWSXWWKDWZDV
DFWLYDWHGRQWUDQVPLW)LQDOO\WKH$/&MDFN
ZDVIRUWKHSRZHUDPSOLÀHU$/&FRQQHFWLRQ
DQGFRXOGDFFHSWDQHJDWLYHJRLQJYROWDJH
UDQJLQJIURPWR9'&:KHQFKRRVLQJ
DVKDFNORFDWLRQIRUWKH=6,KDGWREHDU
in mind that the top panel is used as the
KHDWVLQNVRQHHGVDIUHHÁRZRIDLU'XULQJ
WKHUHYLHZWKHFDVHUDQJHQWO\ZDUPWR
WKHWRXFKGXULQJUHFHLYHEXWEHFDPHTXLWH
KRWGXULQJSURORQJHGGDWDPRGHVXVDJH
+RZHYHUWKHUHZDVDWHPSHUDWXUHPRQLWRU
YLVLEOHDWWKHWRSRIWKHGLVSOD\WKDWSURYLGHG
VRIWZDUHSURWHFWLRQDJDLQVWRYHUKHDWLQJ
RIG CONTROL. :KLOVWWKH=6GRHVQ·W
KDYHDFRQYHQWLRQDO&$7FRQQHFWRURQWKH
UHDUSDQHOLWFDQVWLOOEHFRQWUROOHGE\WKLUG
party software using what are known as
YLUWXDO&20SRUWV7RVXSSRUWFRPSXWHU
FRQWUROWKH=6HPXODWHVWKH.HQZRRG
76FRPPDQGVHWDQGWKH&20SRUW
DQGEDXGUDWHFDQEHVHWXSXVLQJWKH
6HUYHUWDELQWKH6HWWLQJVPHQX%HFDXVH

WKHFRQWUROSURJUDPDQGWKHWUDQVFHLYHUDUH
all created in software, there is no need to
XVHUHDOKDUGZDUH&20SRUWV7KHVROXWLRQ
is to use a software utility to create a pair
RIFRQQHFWHGYLUWXDO&20SRUWV7KH=6
manual suggests using com0com KWWS
VRXUFHIRUJHQHWSURMHFWVFRPFRP VRWKDW·V
ZKDW,XVHGIRUWKHUHYLHZ,QRUGHUWREH
DEOHWRXVHDYDULHW\RIGDWDPRGHVDVZHOO
DVRWKHU&$7VRIWZDUHSDLUVRIYLUWXDO
&20SRUWVDUHUHTXLUHGRQHIRUWKHPDLQ
&$7FRQWUROGDWDDQGWKHRWKHUIRUVLPSOH
FRQWURORIWKH377DQG.(<OLQHV7RPDNH
VXUHHYHU\WKLQJZDVZRUNLQJ,XVHGWKHIUHH
ComTestSerialVRIWZDUH ZZZPLFURULGJH
FRPFRPWHVWVHULDOKWP WRFKHFNWKH=6
ZDVUHVSRQGLQJWRFRPPDQGVFRUUHFWO\
:KHQXVLQJGDWDPRGHVVRIWZDUHZLWK
WKH=6RUDQ\RWKHU6'5UHFHLYHU\RX
need a way to get the audio from the
UHFHLYHULQWRWKHGHFRGHU:KLOVWWKLVFDQEH
GRQHE\SDWFKLQJLQSXWVWRRXWSXWVRQVRXQG
FDUGVWKHUHLVDPXFKEHWWHUZD\:KHQ
you patch inputs to outputs you introduce
WZRDQDORJXHWRGLJLWDOFRQYHUVLRQVWKDWZLOO
GHJUDGHWKHVLJQDO7KHEHVWZD\WRSDWFK
ZLWKRXWFDEOHVLVWRXVHD9LUWXDO$XGLR
&DEOH 9$& XWLOLW\%\IDUWKHEHVWDQGPRVW
popular is VACE\(XJLQH0X]\FKHQNR<RX
FDQJHWWKHVRIWZDUHKHUHKWWSVRIWZDUH
PX]\FKHQNRQHWHQJYDFKWP
%\XVLQJWKH9$&WKHDXGLRUHPDLQVLQ
WKHGLJLWDOGRPDLQDVLWPRYHVEHWZHHQWKH
UHFHLYHUDQGGHFRGHUDQGYLFHYHUVD

WKHWZR9)2VDQGVZDSYDOXHV
As mentioned earlier, the frequency span
RIWKHGLVSOD\FRXOGEHDOWHUHGDQGWKLV
ZDVGRQHE\ULJKWFOLFNLQJDQ\ZKHUHRQ
WKHGLVSOD\DUHD7KHQLQHRSWLRQVSURYLGHG
UDQJLQJIURPN+]WR0+]ZLGHZKLFK
VKRXOGHDVLO\FRYHUPRVWUHTXLUHPHQWV
7KH=6LQFOXGHVPXOWLSOHFRQWUROV
IRUPDQDJLQJWKH$XWRPDWLF*DLQ&RQWURO
$*& )LUVWXSLVWKH+)$*&WKDWFRQWUROV
WKH²G%DWWHQXDWRUDQGWKHG%JDLQ
/1$DKHDGRIWKHPDLQ$'&7KLVFRXOGEH
PDQXDOO\FRQWUROOHGRUVHWWR+)$*&0LQWR
SURYLGHWKHEHVWVLJQDOWRQRLVHUDWLRRU+)
$*&0D[WRVLPSO\DYRLG$'&RYHUORDG7KH
VHFRQG$*&FRQWUROVGHDOWZLWKWKHDXGLR
$*&DQGKHUH\RXFRXOGDGMXVWWKHVSHHG
DQGWKUHVKROGYDOXHV
2QHRIWKHVWUHQJWKVRIPRVW6'5
V\VWHPVLVWKHH[FHOOHQWVRIWZDUHÀOWHUV
DQGWKH=6GRHVZHOOLQWKLVDUHD%\
XVLQJDFRXSOHRIVOLGHUVWKH/)DQG+)
FXWRIISRLQWVFRXOGEHDGMXVWHGEHWZHHQ
+]DQGN+],FRXOGDOVRGUDJWKH
EDQGZLGWKXVLQJWKHPRXVHSRLQWHURQWKH
PDLQGLVSOD\1RLVHUHGXFWLRQÀOWHUVZHUH
DOVRSURYLGHGZLWKVLPSOHEXWDGMXVWDEOH
EURDGEDQGQRLVHDQGDXWRPDWLFQRWFKÀOWHUV

TIME MACHINE. 2QHIHDWXUH,SDUWLFXODUO\
liked was the time slip control on the
ZDWHUIDOOGLVSOD\7KLVDSSHDUHGDVDUHG
arrow on the right hand side of the display
that was normally aligned with the top of
WKHZDWHUIDOO+RZHYHU\RXFRXOGGUDJWKLV
GRZQWKHGLVSOD\DQGLWZRXOGSOD\EDFN
a signal that had already passed down the
ZDWHUIDOO7KHPD[LPXPVOLSDYDLODEOHZDV
PLQXWHV%XWLQPRVWFDVHVMXVWEHLQJ
DEOHWRVWHSEDFNDIHZVHFRQGVZDVHQRXJK
WRUHFRYHUDPLVVHGQDPHRUFDOOVLJQ

BASIC OPERATION. :LWKDOOWKHQHFHVVDU\
connections complete, it was time to start
WXQLQJDURXQG$V\RXFDQVHHIURPWKH
VFUHHQVKRWVWKH=6XVHVDFRQYHQWLRQDO
6'5OD\RXWZLWKVSHFWUXPDQGZDWHUIDOO
GLVSOD\VGRPLQDWLQJWKHPDLQGLVSOD\:LWK
this type of display the primary tuning
TRANSMIT AUDIO. 7KH=6LQFOXGHGDQ
PHWKRGLVSRLQWDQGFOLFNDQGWKLVZDVYHU\
H[FHOOHQWV\VWHPIRUDGMXVWLQJWKHWUDQVPLW
ZHOOLPSOHPHQWHGLQWKH=6VRIWZDUH$
DXGLRTXDOLW\:LWKPDQ\ULJVZHKDYHWR
single left-click anywhere on the display
UHO\RQRWKHUVFRPPHQWVWRÀQHWXQHVSHHFK
DQGWKHUHFHLYHULPPHGLDWHO\UHWXQHGWR
SURFHVVRUVIRUWKHEHVWFRPPXQLFDWLRQV
WKDWIUHTXHQF\,FRXOGDOVRWXQHDURXQGE\
DXGLREXWWKH=6KDVDEHWWHUZD\8VLQJ
GUDJJLQJWKHIUHTXHQF\ULEERQLQWKHFHQWUH
WKH7;6LJQDO6HWWLQJVSDQHO\RXÀUVW
RIWKHGLVSOD\)RUPRUHSUHFLVHWXQLQJZLWK
PDNHDUHFRUGLQJRI\RXUYRLFHZLWK\RXU
WKH=6,FRXOGSODFHWKHFXUVRURYHUDQ\
FKRVHQPLFURSKRQH1H[W\RXSOD\EDFNWKH
digit on the main frequency display and leftUHFRUGLQJDQGDGMXVWWKHVSHHFKSURFHVVRU
FOLFNDWWKHWRSRIWKHQXPEHUWRLQFUHDVHRU
VHWWLQJVXQWLO\RXKDYH\RXULGHDODXGLR7KH
WKHERWWRPWRGHFUHDVHWKHIUHTXHQF\)LQH
YRLFHUHFRUGLQJSOD\VEDFNLQDFRQWLQXRXV
WXQLQJFRXOGDOVREHFDUULHGRXWE\URWDWLQJ
loop so you can take as long as you like
WKHPRXVHZKHHODQG,IRXQGWKLVH[FHOOHQW
WRJHWWKHVRXQGMXVWWKHZD\\RXZDQW
IRUÀQHWXQLQJ66%VLJQDOV7KHIUHTXHQF\
To help get this right, the panel includes a
step for each rotational click of the mouse
spectrum display so you can see the spectral
ZKHHOFRXOGEHVHWWRRQHRIHLJKWVHWWLQJV
VKDSHRI\RXUDXGLRSOXVWKHUHLVDEDQG
EHWZHHQ+]DQG+]*HWWLQJ
DURXQGWKHDPDWHXUEDQGV
and mode selection was
particularly easy thanks
WRWKHSUHVHWEXWWRQVDW
WKHWRSRIWKHGLVSOD\7KH
=HXV=6DOVRIHDWXUHV
WZR9)2VDQG,ZDVDEOH
WRTXLFNO\PRYHEHWZHHQ
PHOTO 2: Zeus ZS-1 interconnections on the rear panel.
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FIGURE 2: Zeus ZS-1 main screen.

graphic equaliser as well as adjustable
dynamic and µ-Law compressors and an
AGC system. I tried this system with lots of
different microphones and managed to get a
decent sound out of all of them. The panel
includes the facility to save two pre-set
processor settings though I would have liked
to be able to save more than that.
Completing the transmit audio, the ZS-1
included the facility to transmit a preUHFRUGHGDXGLRÀOH7KLVFRXOGEHXVHIXO
IRU&4FDOOVDPRQJVWRWKHUWKLQJV7KHÀOH
just needed to be in 16-bit wav format with
a maximum length of 5 minutes. The only
feature missing was VOX facilities.
CW PANEL. For the CW operator, the
ZS-1 is very well equipped with plenty of
FRQÀJXUDWLRQRSWLRQV7KHNH\LVFRQQHFWHG
via the stereo jack on the rear panel and the
=6FDQEHFRQÀJXUHGWRKDQGOHVWUDLJKW
single lever paddles and iambic keys. The CW
tone could also be adjusted in 100Hz steps
from 300Hz to 1kHz. Speed adjustment was
also provided in characters per minute along
with a spacing adjustment. The ZS-1 supports
semi break-in with adjustable fall-back time
DQGWKHDELOLW\WRH[WHQGWKHÀUVWFKDUDFWHU
to account for TX switching delays. The CW
Panel was supplemented with a text entry box
for typed QSOs along with a capacity for 12
pre-recorded macros that could be used for
common exchanges.
IQ VERSATILITY. The In-phase and
Quadrature IQ signals are the life blood
of all SDR systems and it is these signals
WKDWDUHVWUHDPHGWRWKH3&IRUÀOWHULQJDQG
demodulation. However, with disk space being
so cheap these days, it is perfectly feasible to

FIGURE 4: The ZS-1 transmit audio processing
panel.

record the IQ stream to disk
for playback at a later time.
The amount of disk space
used by the ZS-1 depended
on the bandwidth setting with
a 10kHz bandwidth using
FIGURE 3: The ZS-1 CW settings panel.
6MB per minute and the
maximum recordable spectrum
of 100kHz using about 44MB per minute. In
the sound just how I like it. Even a webcam
addition to being able to make recordings, the
PLFHQGHGXSVRXQGLQJSUHWW\JRRG7KLVZDV
ZS-1 software package includes a stand-alone
backed up by good on-air audio reports from
IQ player that can be used to playback Zeus IQ
RWKHUDPDWHXUV7KHYDULDEOHÀOWHULQJZRUNHG
ÀOHV7KH,4SOD\HUDSSHDUHGWREHDVWDQG
extremely well as you would expect from an
alone version of the main software that was
SDR design and it was very useful to be able
PRGLÀHGWRKDQGOHUHFRUGHGÀOHV7KLVLQFOXGHG to tighten up the selectivity when the bands
all the processing controls of the main software got busy. Once I’d set-up the virtual COM
VRLWZDVOLNHUHFHLYLQJWKHÀOHVDOORYHUDJDLQ
ports I tried controlling the ZS-1 with Ham
When playing a recording, there is a handy
Radio DeluxeY HRD DQGWKLVZRUNHGÀQH
progress bar at the bottom of the screen that
provided you un-tick the RTS and DTR boxes
could be used to fast-forward or re-wind to
on the HRD connection panel. Next up was
a section of interest. There are lots of uses
some data modes operation using FLDIGI. For
for IQ recording, eg recording activity during
this operation I set FLDIGI to manage the Tx/
a contest, recording activity during a band
Rx switching using the PTT line via the second
opening, etc.
virtual COM port. This also worked extremely
well and I was soon making contacts into the
Caribbean and South America on 21MHz
EXTERNAL CONTROL. The external
using PSK-31 with just 10 watts. I found the
control facilities of the ZS-1 were very well
YDULDEOHÀOWHUVSDUWLFXODUO\KHOSIXORQ36.DV
implemented with eight separate open
,QRUPDOO\RSHUDWH36.ZLWKWKHÀOWHUVHWDW
collector outputs available. The action of each
around 2.8kHz so I can see the whole PSK
line could be programmed using the External
Control Panel. Activation points were available segment. However, if a strong signal appears
on the band whilst you’re working a weak
for each of the 9 amateur bands and triggered
signal the AGC usually kicks in and wipes out
by Tx, Rx or both conditions. There were also
\RXUZHDNVLJQDO:LWKWKH=6,FRXOGTXLFNO\
settings for Tx on/off delays as well as ALC
narrow the receive bandwidth to exclude the
start and end voltage settings. If you need to
strong signal and carry on working my DX. In
control external fans or similar devices, there
fact, a better way of working DX is to narrow
LVDOVRDFRQÀJXUDEOH3:0 3XOVH:LGWK
the bandwidth once you’ve established contact.
Modulation) output.
Having spent some time with the transceiver
I think the interface could be improved with
SERVER MODE. To support remote
the addition of tooltips. These are the small
operation of the receiver, the ZS-1 software
text boxes that appear when you hover over a
includes a server where its web address and
button. Without tooltips to remind me, I found
FRPPXQLFDWLRQSRUWFRXOGEHGHÀQHGDQG
myself having to refer back to the manual
the server activated. The server provides
to check the function of infrequently used
remote operation using SDR-Console V1.5 or
controls.
SDRMAXIII software. It should also be possible
to provide fully remote LAN operation using one
of the Silex USB-LAN servers but I didn’t have
SUMMARY. The Zeus ZS-1 is an excellent
the opportunity to try this.
digital transceiver with a particularly good
user interface that made it a pleasure to use.
The range of control provided was excellent
ON THE AIR. I had the ZS-1 on review for
and I was particularly impressed with the
several weeks so had the opportunity try it on
clever speech processing adjustment system.
lots of different bands and operating modes.
On air, the transceiver had many good
The low power was no problem for me as
reports and worked effortlessly across a wide
I prefer to operate QRP and in most cases
range of operating modes. Full details and
I used the ZS-1 running about 10 watts or
WKHVSHFLÀFDWLRQFDQEHIRXQGDWWKH66%
less directly into my Butternut HF9V vertical
Electronic website at: www.ssb.de/product_
antenna.
info.php?language=en&info=p3407_ZeusI found the tuning system of the ZS-1 to
ZS-1-Transceiver.html
be particularly good and seemed to combine
The Zeus ZS-1 is available from SSBthe best features of the SDR designs that
Electronic GmbH and costs €1,499. My
are around at the moment. I found the
thanks to SSB-Electronic for the loan of the
time machine option particularly helpful
review model and to Willi Passmann, DJ6JZ
for recovering a missed name or QTH. As
and Alexandr Gromov, UB1AGD for their
I mentioned earlier, adjusting the speech
generous technical support in writing this
processing using a voice recording worked
extremely well as I was able spend time getting review.
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