ICOM 1C-7400 HF/VHF TRANSCEIVER

OMEFIVE years ==
Or more ago, [ :
lcom was busy

TRANSHI

developing a complete
new range of HF trans- B
ceivers. The |C-746 and ®
IC-756 were introduced
as the middle and high
end base station models,
both also covering 6mand
with the IC-746 also cov-
ering 2m. Both radios
used conventional analogue|F
circuitry with crystalfilters for the

main selectivity and DSP for audio func-
tions. These radios proved very popular,
packed with features made easily accessi-
ble through large LCD panels and clever
software. Since then the IC-756 has been
upgraded to the |IC-756PRO and more re-
cently the IC-756PROII, both radios using
DSP-based IF processing for all channel
selectivity functions, eliminating the need
for optional extraand expensive |Ffilters. It
is nowtheturn ofthe IC-746to undergothe
sametreatment. Using the same DSPfilter-
ing blockdevelopedforthe |C-756PRO se-
ries and a number of other enhancements,
theresultis the IC-7400.

Although the outward appearance of the
IC-7400 is virtually identical to the IC-746,
under the bonnet the IF DSP makes the
signal processing architecture very differ-
ent, with much greaterflexibilityto the chan-
nel filtering, AGC, and extensive transmit
audio filtering and processing. There are
other enhanced features such as built-in
RTTY decoder.

PRINCIPAL FEATURES
THEIC-7400isa 12V operated radiomeas-
uring 287Wx 120H x 317Dmm and weigh-
ing 9kg. The power lead for the radio incor-
porates a filter box containing toroidal
inductorsand capacitors. Thisisinaddition
to already extensive filtering on the power
line inside the radio. This added filter has
obviously been necessaryto meetthe Euro-
pean CE mark and EMC requirements. In
the US, which has less stringent require-
ments, the IC-746PRO is marketed with
reduced performance in this area, butin all
other aspects the radios are the same.
The usual modes are covered for LSB,
USB, CW, RTTY, AM and FM with reverse
sideband selectableonCWand RTTY and
data selectable on the voice modes (this
mutesthe microphone and speedsthe T/R
switching). The receivertunes continuously
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from 30kHz to 80MHz and 144 to 146MHz
with the transmitter enabled only within the
amateur bands and a little more on either
side. There are slight variants in different
countries. Individual buttons selectthe bands
with the usual Icom triple band stacking
registers, returning one of three last used
frequency / mode combinations for each
press of the band key.

The smooth-action tuning knob tunes in
10Hz steps at 6kHz per knob revolution with
auto speed-uponfastsustainedtuningwhich
can be disabled if desired. Faster tuning
rates for rapid frequency changes and a
slower rate for precision tuning are also
provided. 101 memory channels are pro-
vided with direct tune from memory, easily
selected by a click-step rotary control. Pre-
viewof memory contentstogetherwith label
tagging up to nine characters is provided,
although this needs to be accessed from
the menu system which sacrifices other
display options. Anadditional memory chan-
nel is assigned as a call channel and
accessed directly by a front panel push
button. A separate memo pad feature al-
lows up to five (or 10) frequencies to be
quickly stored and recalled by a simple key
press, on the basis of last in, first out.

A quick split feature enables split fre-

gquency operation to a
predefined offset by asingle
key press, and another key
selects reception on the
transmitfrequency and allows
it to be independently tuned.
Other keys performthe usual
memory and VFOtransferand
selection functions and allow
direct frequency input via the
band selection keypad. RIT
and transmitter independent
tuning operate over a range of
+9.99kHz and various scan modes
are implemented. The CW pitch is adjust-
able over the range 300 - S00Hz to suit
personal preferences.

Afront panel pushbutton selects between
two antenna sockets on HF / 50MHz with a
third antenna socket dedicated to VHF /
144MHz. The antenna selections are stored
with the band stores. The built-inauto ATU
covers HF and 50MHz, matching up to 3:1
VSWR, with tuning settings stored every
100kHz to enable rapid and accurate
reselection. The auto ATU is automatically
bypassed if an external auto ATU is used.
Unfortunately, there is no provision toallow
for a separate receiver antenna. To cope
with different receive conditions, two
preamplifiersare available on HF and 50MHz,
one on 144MHz or for exceptionally strong
signals a 20dB input attenuator can be se-
lected. No preamp is selectable below
1.6MHz. A combined RF gain / all mode
squelch control is provided, now used on
most Icom radios. A new feature is voice
squelchcontrol. This only opensthe squelch
when receiving voice signals and is prob-
ably of most use during scanning, prevent-
ing the scan from stopping on carriers and
other non-voice signals.

ForFMand repeater use severalfacilities
are provided. Duplex offsets may be set
overawiderange, programmed separately
for HF, 50 and 145MHz and separate re-
peater tone access frequencies may be
programmed for these differentbands. Se-
lective calling may be implemented using
CTCSStone squelch or DTCS which uses
a three-digit code to open the squelch and
different tones or codes may be preset for
the different bands. A scan may be imple-
mented to determine which tone or digital
code is being used by the received signal.

For RTTY and data, the IC-7400 provides
significantly enhanced capabilities com-
pared withthe earlier radio. Extensivefilter-
ing {see DSP section), supportfor FSKand
AFSK modes, selectable FSK parameters,
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packet data optimisation to 9600 baud or
lower rates, a tuning indicator and a simple
RTTY decoder/monitor are all built-in.

The transmitter power is variable from
about 2 - 100W on all bands including
144MHz. An audio speech compressor is
included with VOX, transmit signal monitor
and audio response tailoring. Fulland semi
break-in is available on CW with a built-in
message keyer and twin key jacks for the
internal or for external keyers. Four mes-
sage stores are included, each up to 50
charactersin length with a provision to send
automatically incrementing serialnumbers,
abbreviated nhumber formats and auto-re-
peatafteratimedelay. The message stores
are programmed alphanumerically fromthe
front panel push buttons.

The rear panel includes the usual inter-
faces, common to all lcom radios, for con-
troloflinears, ATUs, dataterminalsetc. The
standard Icom C-IV serial computer inter-
face is provided with data transfer rates
from 300 to 19,200 baud, allowing several
Icom radios to be connected to a common
bus. Acomprehensive 112-page manualis
provided packed with information and cir-
cuits are included. Options include voice-
synthesised readout of display frequency
and mode, and a high stability reference
oscillator.

DIGITAL SIGNAL PROCESSING
THE IC-7400 architecture and DSP func-
tions are similar to the |C-756PROIl. The
radio is atriple conversion superhet with a
firstIF of 64. 455MHz, a second IF of 455kHz
and athird conversionto 36kHz tofeed the
DSP. The 32-bitfloating point DSP is inter-
facedtotheanaloguecircuitry throughvery
high resolution 24-bit A/Dand D/A convert-
ers. The DSP providesthe IFfiltering, modu-
lation, demodulation and audio processing
functions. 41 different passband widths are
selectable on CW and SSB from 50Hz to
3600Hz, 32 on RTTY (50 - 2700Hz) and
three each on AM (3, 6, 9kHz) and FM (7,
10, 15kHz). Three separate bandwidths
are immediately available for each mode
selectable by asimple push of afront panel
key, fromthe available menu of bandwidths.
In addition, two selectable filter profiles on
CW and SSB modes are selectable, a
sharp profile with a flat passband for best
audio quality or a soft profile with a more
rounded passband for weak signal read-
ability. For RTTY a twin peak audio filter
may be selected, similartothe IC-756PROI|,
providing five different bandwidths in addi-
tion to the IF filters.

The DSPalso providesthe passbandtun-
ingfunction, enablingthefilter passbandtobe
shifted and narrowed in incremental steps.
The AGC is also implemented by the DSP
withthree separatetime constantsselectable
fromthe frontpanel. These threevaluesmay
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be setfromamenuof13differentvalues (0.1
to 6s) and are set separately for all modes
exceptFM. Two separate notchfunctions are
provided in this transceiver, both using the
DSP. A particularly effective manually tuned
IF notch with a depth of 70dB is included
within the AGC loop and hence does not
resultin desensitising with strong carriers. An
auto-notch is implemented at AF and will
automatically attenuate several beat notes,
even ifthey are moving. An adjustable DSP
noise reduction systemisincludedandthere
is also a conventional (hot DSP) IF noise
blanker for pulse type interference such as
carignition.

The modulated transmit signal is also
generated by the DSP with adjustable bass
and treble microphoneequalisation and ad-
justable compressor.

LCD PANEL

@BK-IN PAMP
COMP 0

B

}:I {.' J H Ol = ;

DE

MUCH OF THE operation of the IC-7400
centres on the monochrome LCD dot ma-
trix panel and associated five function keys
alongthe bottom, as usedinthe |C-746. The
upper part of the panel displays the fre-
quency, mode, RIT offset, memory, an-
tenna etc and status of all selected func-
tions. A bargraph meter displays signal
strength, power output, ALC and SWR with
optional peak hold.

sizes. T hisprovides spansfromabout+15kHz
to+750kHz. Thereceiveris muted during this
process but it can be done just once and
stored. This lower part of the panel can also
provide a simple two orthree line readout for
the built-in RTTY decoder. The function key
labels cannot be displayed atthe same time
asthe spectrumor RTTY decoderoutputs. A
novelfeatureusingthelower partof the panel
is to plot antenna VSWR against frequency
foranumber of selectable frequency spans.
This handy check is unique to the |C-7400.

MEASUREMENTS

THE FULL SET of measurementsis givenin
thetablewhen poweredfroma13.8V supply,
with additional comments as follows.
Receiver Measurements

The sensitivity results are very similarto the
IC-746. Preamp 1 has a gain of about 10dB
and preamp 2 about 17dB. With preamp 2
selected, the receiver shows an improve-
ment in sensitivity over preamp 1 of about
2-3dB.On144MHz the singlepreamp hasa
gainofabout20dB. The Smetercalibration is
approximate due to the resolution of the
bargraphand appearsindependentof mode.
The rejection of images, IFs and spurii was
verygood, inexcess of 100dE in most cases.
There were, however, a number of internal
‘birdies’ audibleinthe LF region (30-300kHz).
Rejection of thefirstmixerimage occurring in
the VHF region was a major problemon HF
withthe IC-746 when a2mantennawasalso
connected. This problem has been signifi-
cantlyimprovedinthelC-7400and nowshows
some 70 - 90dB rejection.

Thefilter bandwidths shown inthetableare
justasmallselectionfromthefilters available.
Although the bandwidths available are the
same as for the IC-756PROII, the shape

The lower part of the

panel isassociated with 6 ER508 ACaR
the function keys and

depends on selected -0

mode and other param- i IF fitter

eters. Two levels of s = (sharp)
menu andageneral set- § =30 " s

tings modeare provided ‘—E‘ - dynamic

for selecting many of the g itk

features. Thisallows for T =50

the setting of a vast -

number of parameters L

including the keyer £ =70 L -
functions, scanning, g-ao /” (533,‘.',“;'.2;”
memory preview, RTTY o ¥ \\ e
settings, repeater §-9°_______ = g NS

access and tones and ﬁ-mo_____ " ot
selectable optionsforall

the functions of the —ie

radio. A scan can be —120

enabled showing the -30 =25 —20 —15 —10 -5 0 +5 +10 +5 +20 +25 +30
spectrumon either side Frequency otfset (kHz)
ofthereceivefrequency

with selectable step

Fig 1: Effective selectivity curve on USB.
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factors and skirts are not as steep, particu-
larly for the narrower bandwicdths. Presum-
ablythe IC-7400uses a simplified DSPfilter-
ingalgorithm. The effective selectivity curve
on USBis shown in Fig 1.

The reciprocal mixing results are good,
slightly better than the IC-746 and virtually
identical tothe IC-756PROI, suggestinga
common synthesiser design is now used.
Thethird orderintercept and dynamicrange
figures are good but the |C-746 measured
slightly better.

Transmitter Measurements

The power output figures in the table were
measured with the ATU out of circuit. The
ATUintroduceda loss ofabout 10%. At full
power on SSB, thetwo-toneintermodulation
products measured significantly betterthan
the IC-746which showed aparticularly poor
result. The CWrise andfalltimeswereideal
with slight character shortening at higher
speeds, perhaps 15% in semi break-in or
30% in full break-in at 40WWPM. Transmit-
receive switchingwasclean andveryfastin
data mode when interfaced via the ACC1
connector. Interfacing via the microphone

connector, it took as much as 80ms for the
transmitter to achieve full output. Make sure
that data modeis selected andtheappropri-
ate data interfaces are used for effective
AmTOR andpacket operation.

ON-THE-AIRPERFORMANCE
WHEN | REVIEWEDthe |C-746 fouryears
ago, | foundthisradio performed extremely
well and was a delight to use. These same
comments also apply to the IC-7400 and
even more so with the extra flexibility pro-
vided by the DSP filters and added RTTY
features. With the clear, bright LCD, the
radio is easy to use and access to the
various features fairly intuitive. The tuning
rate and feel isideal and auto speed-upjust
about right. Quick-split and XFC {transmit
frequency monitor and tune) makes split
frequency operation very simple and a nice
touch is the ability to lock the receive fre-
quency and still be able tovary thetransmit
frequency. This is particularly useful in the
heat of a split frequency pile-up. The filters
were excellent, | generally preferred the
sharp setting in all cases.

Review

The strong signal performance appears
excellentandno particular intermodulation
problems were experienced. The receiver
was very good on all modes with excellent
AM broadcast quality and clean VLF per-
formance, anindication ofgood synthesiser
noise. The transmitter performedwell with
clean break-in on CWand good audio re-
ports.

The RTTY decoder was effective and
functioned well on weak signals but it
is limited to 45 baud / 170Hz shift. The
radio also performed effectively on 2m on
CW/SSB andon FM. Therepeater access
featureswere straightforwardto use.

CONCLUSIONS
THE IC-7400 provides an entire HF /VHF
station in one box. With an excellent per-
formance, 100W output on all bands and
packed with features it should prove a popu-
lar choice. Available for around £1499, itis
excellentvaluewiththe addedbonusthatno
additional filters need be fitted.

lwould liketothank Martin Lynch & Sons
fortheloan ofthe equipment. +

ICOM IC-7400 MEASURED PERFORMANCE

SENSITMTY SSE 10dBs+n:n INPUT FOR 59

FREQ PREAMP1 IN PREAMP OUT  PREAMP1 IN PREAMP OUT

136kHz - 1 Buy (-103dBm) - 250uY

1.8MHz 013y (-125dBrm) 0284 (-118dBm) 16uY s0uv

d8MHz 011y (-126dBm) 0.28u% (-118dBm) 13uy BBV

ThHz 01y (-126dBm) 0.25u% (-119dBm) 14uy A0y Alf signal input volfages
10MHz  013uY (-125dBrm) 0.28u% (-118dBm) 16uY BEWY given as PD aoross
14MHz  013uY (-126dBr) 0.28u% (-118dBm) 16uY BEWY anfenna terminal. Unless
18MHz  013uy (-125dBm) 0.28u% (-118dBm) 16uY BBV stated otherwise, alf
2IMHz 013V (-125dBm) 0.28p% (-118dBm) 16uY BEY measurements made on
24MHz  0.13py (-125dBrm) 0.28u% (-11BdBrm) 14p B3 SSEB with recelver preamp
28MHz  0.14uv (-124dBm) 0.28u% (-118dBm) 16Uy By 1 awitched in and with
S0MHz  0.1BuY (-123dBm) 045uY (-114dBm) 22uv 100pY 2.4kHz bandwidth sharg
144MHz DAY (-127dBm)  025u% (-119dBm) 4.5uY 40y filter selected.

AGC threshold: 0.8uv

Inband intermodulation products: better than -53dE

AM sensitivity (2BMHzY 1Y for 10dBs+n:n at 30% mod depth
Fh sensitivity (28MHz) 0.2 for 12dE SINAD 3kHz pk deviation

100dE above AGC threshald for +0 5dE audio output
Max audio before clipping: 1.8Winto 8 ohm, 1.9% at 10% distartion

RECEIVER
MEASUREMENTS

S-READING _ INPUT LEVEL SSB
{7MHz) PREAMP1 IN PREAMP OUT]
51 1.0pv A

53 14 TV

55 4py 14y
57 BV 280V
58 14 50pY
58+20 250U 1y
S+40 2mv Tmy
S+B0 13mv 45my
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TRANSMITTERMEASUREMENTS

Carrier suppression: »70dB
Sideband suppression: »80dB @ 1kHz
Transmitter AF distortion: <1%

Microphone input sensitivity: 2mY for full output
S5B TIR switch speed: mute-TX 15ms,
TX-mute 1ms, mute-RX 15ms, RX-mute 1ms

CLOSE-IN INTERMODULATION ON 7MHz BAND RECIPROCAL
PREAMP1 IN PREAMP OUT FREQ  MIXING FOR BLOCKING BLOCKING
drdorder 2tone  3rdorder 2tone | |OFFSET 3dB NOISE PREAMP1 IN PREAMP OUT
Spacing intercept dynamic intercept dynamic| |3kHz 22dB ~40dEm -30dEm
range range | |5kHz 87dB  -40dEBm  -30dBm
AkHz  -33dEm B8dE  -21dBm 72dB 10kHz 33dE _3EdEm _37dBm
akHz  -31dEm 70dE  -19dEm 73dE 18kHz A6dE ~21dBm -12dBm
7kHz -25dBm 74dE  -13dBm 77dBE ||20KkHz 99dE -9dBm +1dBm
10kHz -1BdBm 80dE -5dBm 83dB ||ao0kHz  102dE _3dBm +7dBm
16kHz -5dBm 87dE  +7dBm 91dE ||s50kdz  10BdE _3dBm +7dBm
20kHz -1dBm 90dE  +11dBm 93dE ||100kHz 111dB _3dBm +7dBm
a0kHz +1dBm 81dB  +13dBm 85dB ||200kHz 119dB 3d0Br +7dBm FREQ
40kHz +1.6dBrm 92dB  +14dBm 9&dB 1.8MHz
B0kHz +4 8dEm 94dE  +16dEBm Q7dB

POWER

144MHz 97W
Intermoduiation product levels are quoted with respect to
PEP, figures in brackets are with respect to either tone.

INTERMODULATION (50kHz Tone Spacing)
PREAMP1 IN PREAMP OUT
3rd order 2 tone 3rd order 2 tone
intercept dynamic  intercept dynamic
Freq range range
136kHz - - +14dBm B5dBE
18MHz  +4dBm 93dE  +15.5dBm 96dBE
3AMHz +4.5dBm 94dB +16dBm 96dB
TWMHz  +4.5dEm 94dB +16dBm 97dBE
14mMHz  +BdEBm 94dBE +18dBm S97dB
21MHz  +7dBm 95dB +19dBm 98dB
28MHz  +7dBm 94dB +19dBm 98dBE
50MHz  +8dBm 94dBE +22dBm 97dB
144MHz -12dBm B3dB -7dBm 81dB
SHARP SOFT
FILTER IF BANDVWDTH IF BANDVMDTH
-BdB -60dB -6dB -B0dE
10kHz 10.9kHz 17.2kHz - -
BkHz  B.BkHz 11.0kHz - -
24kHz 2525Hz 3780Hz 2400Hz 3650Hz
500Hz 517Hz 14588Hz  54BHz 1482Hz
280Hz 285Hz 1085Hz  284Hz 1081Hz
100Hz 107Hz  B17Hz 113Hz  787Hz
50Hz B4Hz  BEBHz B5Hz  BE1Hz

CW  SSB(PEP)
POWER

OUT HARMONICS
105W -68dB
105W -62dB
104W -70dB
104W -60dB
103W -65dB
102W -63dB
102W -64dB
102W -70dB
101W -70dB
96W -70dB
83W -75dB

INTERMODULATION
PRODUCTS

3rd order Sth order
=30 (-24)dB 46 (<10)dB
36 (-30)dB 61 (45)dB
32 (-26)dB 61 («45)dB
34 (-28)dB 44 (-38)dB
34 (-28)dB 650 (14)dB
-28 (22)dB 60 (<44)dB
=30 (-24)dB 50 (<14)dB
=30 (-24)dB 60 (44)dB
24 (-18)dB 40 (-34)dB
30 (-24)dB 42 (-36)dB
-26 (-20)dB 44 (-38)dB

ouT
110W
106 W
105W
104W
104W
103W
100W
103W
103W
asw
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