
The Yaesu Musen FT101ZD 

hf transceiver 

by P. J. HART, BSc, G3SJX* 

Introduction 
Ever since the original version appeared during 1970, the FTIOI series of hf 
transceivers has been one of the most popular avai lable. The latest in this 
series <ire the FT IOIZ (analogue frequency rc;1do11t) and the FT IOIZD 
(digital frequency readout). Comparing these latest versions with the earlier 
version~ ~hows how far this series of transceivers has evolved-they have 
very little in common. The earlier versions (l'T IOI. FTIOIB etc) used a 
double-conversion design with intermediate frequencies of 5,520-6,020kHz 
and 3.180k H£. The FTIOIZ and r:TIOIZD arc essentially single-conversion 
design) with an i.f. or 8,988kHi and a greatly extended number or facilities. 
The mechanical construction is also totally different. The earlier versions 
used plug-in boards and edge connectors extensively with interconnections 
routed via the main chassis. The latest transceiver uses mainly fixed boards 
with plug and socket interconnections. 

The FT IOI Z and r:T lOI ZD cover all WARC 1979 allocated hf bands and 
give nominally IOOW output power. Valve driver and pa stages are used with 
scmiconduccors (largely discrete) for all other functions. The basic 
1 ranscciver operates from ac mains and covers ssb and cw operation. 
Opt ional extra faci lities at added cost indude boards for a.m. or fm 
operation. 12V de inverter board, fan. and narrow bandwidth cw fi llers. A 
large range of accessories is available and, in addition, all the accessories 
intended for the FT902 arc compatible with the r:TlOIZ and FTIOIZD. 
These include analogue and digital remote vfos. speakers. amenna 11111cr. 
monitor scope and p:1nadaptor. transvcrtcrs for 50. 70, 1-14 and 432MHz, 
rll>' demodulator and linear. 

The s:1111ple obtained for review comprised an FTIOIZD with rm board, 
fan . and 350Hz cw filter as fitted option~. 
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Rear view of the FT101ZD 

Princ ipal features 
Thi~ 1 ransccivcr incorporates all I he feat urcs which are generally regarded 
as standard on modern hf transceivers. Full coverage of the nine current and 
future hfa lloca1ions is provided in 500kH£ iuniug ranges, with 28- 30M Mz 
covered in four bands. Principal features include clarifier (in) operation on 
bo1h receive and transmit. tlm~c-position input attenuator, two age rime 
constants plus off, noise blanker, ~pecch processor, variable bandwidth i.f. 
3001 lz-2· 4kHz, audio peak and notch fillers, 111e1ering of three functions. 
and full cw and ssb vox controls. 

The rear panel includes the following connectors: antenna socket. 
antenna outlet for external receiver. low power rf ou1put for transvcrtcr 
operation, key jack. remote vfo. transmitter af input. receiver :1f output. 
wideband i.f. output for panaclaptor or spectrum analyser, fan power and 
eleven-pin accessory socket providing re lay co111rol switching and control 
for the J>:l va lve heaters. The accessory socket no longer provides power 
outlets as on earlier versions. 

Description 
In common with most Yacsu equipment, the transceiver is sturdily 
construc1ed and well engineered. A substantial chassis sys1e111 is used with a 
dieca~t front panel. and the 10 boards arc interconnected by plug and socke1 
Oying leads. The transceiver measure!> 34·5 (w) by 15·7 (h) hy 32·6cm (cl) 
and weighs 15kg; similar in front pand ~i1c to the earlier FTIOI but a liulc 
deeper. II is no1 as small as some trnn~ccivc rs, but a mains psu is built-in :ind 
the front panel size enables full -size knobs and switches to be used. The 
con t rob arc generally well laid 0111. but the cluster of four dual-purpose vox. 
drive and gain controls on 1hc top left-hand corner of the front panel can be 
fiddly 10 use. All controls are mounted on the from panel. and a 9cm 

•• 

Fig 1. Simpllfied block diagram o f the FT101ZD omitting fm and a.m. sections 
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Fig 2. Test arrangements. (al Single generator receiver measurements. (bl 
Two generator receiver measurements. (cl Transmitter measurements 

diameter speaker is mounted in the top of the case. As usual the key jack is 
relegated to the rear panel- the reviewer would much prefer to see this 
located on the from panel. The tuning rate is I 7k.Hz/revolution of the 50mm 
diameter control knob. 

A block diagram of the FflOIZD is shown in Fig I. On receive, incoming 
signals are amplified in a dual-gate mosfet rf amplifier and converted down 
10 the i.f. of 8,988kHz in a Schouky diode double-balanced mixer. 
Resonant circuits tuned by the preselector are located at the input and 
output of the rf amplifier. The i.f. signal is amplified by grounded gate fet 
amplifiers and nltered to a bandwidth of 20kHz before passing through the 
noise.blanker to the main i.f. block filters. The variable i.f. width function 
is achieved by mixing the i.f. signal up to 10·76MHz. passing through an 
additional 2 · SkHz wide crysta l filter and then mixing back down 'to 
8,988k Hz again. The same local oscillator is used for both conversions and 
hence no net change in frequency results . By altering the frequency of this 
oscillator by ± 3kHz, the overall passband shape can be modified as 
described in IJJ. The 8,988kHz i.f. signal is further amplified and 
demodulated before passing to the audio amplifier and switchable peak and 
notch filters. On a.m ., a separate detector is incorporated. On fm the i.f. 
signal, before passing through the ssb filter, is converted down :o an i.f. of 
4S5kHz, where it is filtered, amplified. limited and then demodulated. 

On 1ransmit, dsb is generated at 8,988kHz using the same balanced 
modulator as is used for the receiver deteclor. The dsb signal is amplified, 
passed lhrough the main ssb filter and, wi1h the processor off, further 
amplified and converted to sig nal frequency . Wi1h the processor switched 
on, the 8,988kHz ssb signal is further amplified, limited and filtered before 
being converted to signal frequency. The signal frequency mixer is the same 
mixer as is used on receive. The main amplifica1ion al signal frequency is 
achieved using valves, a 12BY7A driver and two parallel 61468 pa valves. 
Selectivity at signal frequency is achieved by resonant circui1s at the input 
and output of the driver, tuned by the preseleclOr control and also 1he pi­
tank pa ou1put circuit. On bo1h a .m. and fm separate microphone amplifier, 
o scillator, modulator and amplifier siages at 8,988kHz are used which feed 
the transmiuer drive in10 1he signal frequency mixer. 

The local oscillator injcc1ion for the receive/transmit signal frequency 
mixer is derived from the premix unit. The vfo tuning 5- 5 · 5MHz is mixed 
with one of 12 crystal oscillators (a separa1e oscilla1or for each band) using 
an integrated circuit double-balanced mixer. T he local oscilla1or output is 
then filtered using band-switched filters and amplified to provide a suitable 
injection level for 1he signal frequency mixer. 

M easurem ent technique 
The measurement technique adopted was substantially the same as that 
described in I I '. Unkss stated 01herwisc, all measurements were made on ssb 
wi1h the audio gain sci to give IOOmW af output. In all cases signal input 
voltages are quoted in pd across the antenna terminal. A block diagram of 
the measurcmcnl arrangements is shown in Fig 2. A single signal generator 
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Frequency 

1 ·SMHz 
3·5MHz 

7MHz 
10MHz 
14MHz 
18MHz 
21MHz 
24MHz 
28MHz 

Frequency 
1 ·SMHz 
3·5MHz 
7MHz 
10MHz 
14MHz 
18MHz 
21MHz 
24MHz 
28MHz 

Table 1. Receiver measurements 
Sensitivity on ssb for 

10d8 s+ n :n 
0· 16µV ( - 123dBm) 
0·14µV (-124dBml 
0·131.V ( - 125dBm) 
0 · 131.V ( - 125dBm) 
0·111.V ( - 126dBm) 
0·111.V l - 126dBml 
0·11µV (- 126dBml 
0·10µV ( - 127dBml 
0·111.V (-126dBml 

Table 2. Receiver m easurements 

Input for $9 

7·5µV 
4·8µV 
4 ·3µV 
4·11.V 
4 ·0µV 
3·7µV 
4·11.V 
3·8µV 
5·01.V 

Image rejection 8,988kHz i.f. rejection 
98dB 118dB 
99dB 115dB 
85dB 93dB 
66dB 82dB 
73dB 114dB 
61d8 115dB 
64dB 115dB 
53dB 119dB 
51dB 118dB 

was used to evaluate sensitivity-based measurements and spurious 
responses, including S-meter calibrat ion, age performance and selectivity. 
Two coupled signal generators were used to evaluate ~gnal handling, ic 
measurements on blocking and i ntcrmodulati~n. 

Receiver m easurements 
Sensit ivity 
Sensitivity measurements were made at a signal-plus-noise-to-noise ratio of 
IOdB with the af filler, width and input attenuator switched off. The results 
are shown in Table I. On the higher frequency bands the receiver cxhibi1s a 
noise floor of - 135 to - 136dBm in ssb bandwidths, or a noise figure of 
approximately 5 to 6dB. This is very sensitive for an hf receiver. Sensi1ivity 
measurements were also made at 28MHz with the receiver switched to fm; 
in this case the signal generator was frequency modulated by a I kHz audio 
tone to give a peak deviation of 3kHz. The sensitivity for IOdB s + n:n ratio 
was O· 131,v, and the ultimate signal-to-noise ratio of about 40dB was 
achieved with input levels greater than IOµV. 

The accuracy of the input attenuator was checked on 7MHz. In the IOdB 
posiiion, the auenua1ion was measured as 9· 3dB, and in the 20dB position 
as 18 · 4dB. 

S-meter calibration 
T he input signal level requiied 10 give a reading of S9 is shown in Table I. Al 
7MH z the S-meter calibration was: 

$-reeding Input signal Relative increase 

$3 1·11.V 
2dB 

S5 1 ·41.V 
4dB 

S7 2·21.V 
6dB 

S9 4·31'V 
30dB 

$9 + 20 140·0µV 
26dB 

$9 + 40 2·8mV 
17d8 

S9 + 60 20·0mV 

Spurious responses 
The 8,988kHz i.f. rejection and the primary image rejec1ion at 17,975kHz 
above the frequency to which the receiver is tuned arc shown in Table 2. 
These levels are all measured by selling the signal generator to give the 
required spurious response at a level giving IOdB s+ n:n ratio and relating 
this level to an on-tune signal of IOdB s + n:n ratio. Rejection of the 
I0·76MHz i.f. was greater than 125dB on all bands, except on IOMHz 
where a figure of 88dB. was measured. 

To check for internally-generated spurious signals. the antenna socket 
was terminated in 50ll and the receiver carefully tuned over each band. 
There was no spurious response which was strong enough 10 move the S­
mcter, and of the eight spurii logged, the 1hree strongest were located in the 
28MHz band. 

Other spurious responses were checked by selling the signal generator on 
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Top view of the FT101ZD with cover removed 

either side of the on-tune frequency and noting the amplitude for any 
responses obtained corresponding to an SI meter reading. The generator 
was tuned from lOOkHz off frequency down to 1 MHz (ignoring generator 
harmonics) and from lOOkHz off frequency up lO vhf. 

Frequency Worst response Other responses 
1 ·SMHz No response measured up to 250mV 
3 ·5MHz No response measured up to 250mV 
7MHz 7mV One up to 250mV 
1 OM Hz 80mV Two up to 250mV 
14MHz. 4mV Three up to 250mV 
1 SMHz Two at 80mV Three up to 2501)1V 
21 MHz 14mV Nine up to 250mV 
24MHz 10mV Several15to70mV 
28MHz 2 · 5mV Several 7 to 70mV 

AGC performance 
The age performance was measured at 7MHz. The threshold was found by 
slowly increasing the inpul signal unt il the af output ceased lO rise linearly 
with the input. T his occurred at about l ·21tV. A further lOdB increase in 
signal above this level resulted in a ldB increase in audio output , and a 
further J lOdB increase in signal resulted in a further 0·7dB increase in 
audio . The attack t ime was measured as about 5rns, and decay times as 20ms 
i1r the fast position or 300ms in the slow position. 

Signal handling 
Measurements on signal handling properties were made at frequencies o f 7 
and 28MHz using the test arrangement shown in Fig 2(b). 

Blocking was evaluated by setting generato r A on-tune at a level of 50011 V. 
Generator B was set 50kHz off frequency, and the level increased until the 
S-meter just started to decrease. This occurred at a level of 60m V on both 7 
and 28M Hz. Repeating the measurement on 28MHz with lOOkHz frequency 
offset gave identical results. 

Third-order intermodulation distortion was measured by set1ing the two 
generators 20 and 40kHz away, respectively, from the frequency to which 
the receiver was tuned. and increasing the levels equally until a third-order 
intermodulation product was generated in the receiver passband at a level 
giving an s+ n:n ratio of lOdB. This occurred when each generator was set 
to give a signal input to the receiver of - 49·7dBm (730µV) on 7MHz or 
- 49 · 3dBm (760µ V) on 28MHz. This corresponds to a third-order intercept 
of - 12dBm on 7MHz and - l JdBm on 28MHz (See I 11). Referencing the 
above measurements to the noise noor of the receiver gives a spurious-free 
dynamic range of approximately 83dB. 

Cross-modulation and reciprocal mixing measurements were not 
performed. 

Reducing the rf gain control did not improve the intermodulation 
performance, and the noise blanker had little effect on strong signal 
performance except when the threshold control was fully turned up. At this 
setting, the intermodulation performance was noticeably degraded. 

Audio power output and distortion 
The maximum audio power output into a 4!l load was measured as 2W 
before the onset of clipping. An output power of 2 ·SW was obtained at JO 
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Bottom view of the FT101ZD with cover removed 

per cent di storiion. Maximum audio output could be achieved with a 
0·35µV input signal. 

Selectivity 
The i.f. selecti vity curve was plotted by tuning a signal generator ac ross the 
receiver passband and noting the level requ ired to give an S-meter reading of 
52. It was found possible to measure about 70dB down the skirts of the filter 
before reciprocal mixing, generator noise and signal overloading problems 
became apparent. The results for both the ssb filter and the 350Hz cw filter 
were: 

Response 
- 3d6 

SSB filter bandwidtl) 
2·2kHz 
2·4kHz 
2·8kHz 
3·2kHz 
3·5kHz 
3 ·7kHz 

CW filter bandwidth 
200Hz 
300Hz - 6d!l 

- 20dB 
- 40dB 
- 60dB 
- 70dB 

500Hz 
800Hz 

1,100Hz 
3,000Hz 

The total passband ripple on the ssb filter was about 3dB, and the skirt 
response was symmetrical. The gain using the cw filter was 6dB lower than 
using the ssb filter. The cw filter also exhibited a number of spurious 
responses between - 50 and - 70dB. 

Transmitter measurements 
CW power output 
Adopting the tuning procedure described in the handbook for maximum 
power output gave the following results: 

Band Power output 
1 ·8MHz 108W 
3 ·5MHz 114W 
7MHz 107W 
lOMHz 110W 
14MHz 110W 
18MHz 107W 
21MHz lOOW 
24MHz 102W 
28MHz SOW 

Anode current 
270mA 
260mA 
260mA 
260mA 
270mA 
270mA 
250mA 
260mA 
230mA 

The drive control may be used to reduce the power output virtually 10 zero 
and hence set the power output on l ·8MHz to 8W (9dBW). 

Harmonics and spurious outpuls 
Harmonics and other spu rious.outputs were measured on cw at full power 
output. 

Band 
t ·8MHz 
3·5MHz 
7MHz 
10MHz 
14MHz 
18MHz 
21MHz 
24MHz 
28MHz 

Harmonics 
- 43dB 
- 43dB 
- 46dB 
- 49dB 
- 58dB 
- 52dB 
- 49dB 
- 32dB 
- 50dB 

Other spurii 
Less than - 80dB 
- 78dB 
- 50dB. - 80d8 at lower power 
- 62dB 
Less than - 80dB 
- 24dB. - 40dB at lower power 
- 63dB 
- 55 to - 65dB 
Several - 60 to - 70dB 
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On 7 and 18MHz subsiantial reductions in spurious outputs could be 
achieved by reducing the power output slightly. The figure of - 24dB to 
- 40dB for spurious output on I SM Hz is not surprising and is the inevitable 
consequence of using a 9MHz i.f.. This spurious signal is the second 
harmonic of the i.f. and cannot be reduced by signal frequency selectivity. 
The only solution is to use a balanced mixer , which is used in this transceiver, 
and to operate the mixer in as linear a manner as possible. The mixer. 
linearity improves at reduced power levels, and hence the dramatic 
improvemeni in spurious output. 

SSB power output and distortion 
The test arrangement for making ssb measurements is shown in Fig 2(c): 
600Hz and 2kHz equal amplitude audio tones were used. Measurements 
were made with the processor switched off and adopting tl;te tuning 
procedure described in the handbook. In all cases the intermodulation 
product level is quoted with respect to the amplitude of either tone of the 
two-tone test signal. 

Band 
1 ·8MHz 
3·5MHz 
7MHz 

lOMHz 
14MHz 
18MHz 
21MHz 
24MHz 
28MHz 

Power output 
{p.e.p.) 

32W 
lOOW 
100W 
lOOW 
100W 
100W 
lOOW 
lOOW 
sow 

Third-order 
ips 

- 38dB 
-32dB 
- 25dB 
- 25dB 
-26dB 
- 2BdB 
-22dB 
- 24dB 
-26dB 

Intermodulation products at 
± 10kHz ± 20kHz 
- 80dB - 80dB 
-80dB - 80dB 
- 80d8 -80dB 
-70dB - 80dB 
-80dB -80dB 
- 80dB - 80dB 
-70dB -80dB 
- 75dB - 80dB 
- 75dB - sods 

On I ·8MHz IOOW p.e.p. output can be obtained at - 22dB ip level. 
With the speech processor in operation it is important not to overdrive the 

pa as intermodulation product levels as high as - 12dB can be generated. 
The carrier suppression was - 56dB and the sideband suppression at 

I kHz was - 66dB, both measured with r1:spect to IOOW output. 

Audio response 
The transmitter audio response wi1h the processor off was measured as 300 
to 2,700Hz between the - 6dB points. The microphone sensitivi1y was such 
tha1 4mV audio input gave full output with the processor switched off. The 
microphone input impedance is 60(){}. 

Frequency stability 
The frequency drift was measured in the transmit mode on 28MHz with the 
pa heaters switched off and the low-level rf output connected to a frequency 
counter. After allowing an initial Smin warm-up period

1
. the transceiver 

drifted 240Hz during the first 15min, a total of 450Hz during the first hour 
and 120Hz during the second hour. 

Low-power (transverter) oulpul 
A low-power output facility is provided, coupling to the pa grid circuitry 
through a IOpF capacitor. Although the output impedance is high, in most 
cases a son load impedance will probably be used. On 21, 24 and 28MHz. 
ISOmW output power into son is available. On bands below 21MHz the 
avai lable power reduces rapidly. With a son load connected to the low­
power oulput socket, a slight difference in preselector tuning between 
transmit and receive is obtained. It is probably advisable to unplug any leads 
connected to 1his socket when not required. 

On-the-air results 
The transceiver was used from the home location for a period of two months 
which also encompassed operation in two contests-AFS and ARRL CW. 
It is largely to 1he credit of this transceiver tha1 160 contacts were made in 
AFS and 1,400 in the ARRL even1. 

The receiver generally performed very well. The sensitivity on 28MHz was 
perfectly adequate, and on the lower frequency bands, with 20dB 
attenuation. clean results were obtained. Careful use of the attenuator was 
essential for best results. The noise blanker was effective but could generate 
signal-handling problems if the th.reshold control was advanced too far. The 
width and audio filter controls have their uses, and 1he notch filter was 
found to be particularly useful. 

On transmi1 good clean reports were received on ssb, with most sta1ions 
contacted preferring the processor swi tched on. The prcsclcctor 1Uning was 
rather critical on the lower frequency bands, requiring repeaking after a 
frequency shift of only a few kilohertz. Preselector drift wi1h temperature 
or time was also experienced. FM on 29MHz was also used and gave good 
resuhs. 

Several stations who were also using 1hc FTIOIZD were worked. Jn all 
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cases the owners were entirely sat isfied with the performance and the 
reliability. Mobile operation was not contemplated. The size of the 
transceiver together wi1h the power consumption due to the valve driver and 
pa stages dic1ates that it is more suitable for home station use. 

Microphone and headphone accessories 
A number of microphones and headphones marketed by Yacsu are suitable 
for use wi1h the FrlOIZD. Two types of microphone and two types of 
headphone were provided with the review transceiver, and the following 
purely subjective observations were made. 

Of the headphones, 1he YH5S with full-size ear muffs provided complete 
isolation from external noise, gave excellent communica1ions quality with 
low distortion at high volume levels, but had a rather high clamping force on 
the ears which would probably reduce with use. The YH77 lightweight 
headphones are suitable for use where complete isolation from the ou1side 
environment is not required. They were comfortable to wear, but were less 
sensitive than the YHSS headphones-requiring more audio gain-and, at 
little more than average listening levels, the audio stages in the FTIOIZD 
overloaded causing distortion. Using the headphones in conjunction with 
hi-fi audio equipment showed tha1 the frequency response of the YH55 is 
largely tailored for communications use, whereas the YH77 gave full hi-fi 
performance. 

The microphones were evaluated during local contacts. Very complemen­
tary reports were obtained using the YE7A dynamic microphone, 
particularly with the processor on. The YM21 noise-cancelling microphone 
was generally regarded as lacking punch, being described as rather "thin" 
with the noise-cancelling switched off and "woolly" with the noise­
cancelling on. However, it is understood that this microphone really comes 
into its own in noisy mobile environments. 

Conclusions 
The FrlOIZD is provided with an accessory plug, two phono plugs, a spare 
fuse and a 63-page manual. Full operat ing instruc1ions are given in the 
manual 1ogether with installation instructions for !he various options. 
Circuit descriptions with diagrams and photographs of 1he various boards 
are given, together with alignment details and a full parts list . The circuit 
description and the overall block diagram do not agree in several places. The 
block diagram appears to be of an earlier version. 

The basic FrlOI ZD is about £635 incl VAT, and the analogue dial 
version, the FrlOIZ, is about £SS9incl VAT. The various options areex1ra. 
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Volume 1 of the original 1976 hardback edition is now out of print . 
This paperback edition of Volumes 1 and 2 combined has been 
published to meet ·continuing demand from all over the world for 
this authoritative and comprehensive survey of amateur radio 
principles and practice. 
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