CIRCUIT DESCRIPTION

METER CIRCUIT

This circuit has two functions. One permits simost
direct feeding of signals with strengths from 1038y
to 100dBy to the Signal metar. The othar permits
selection of AM components in the FM signal, thus
showing the multipath element and displaying it 25 o

CT.7000

Signataninus-Muoltipsth deflection. This system permits
the owner to find the best balance of sirong and
“clean™ signals by switching between the two functions
of this meter while experimenting with different antenna

locations.
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Operation

1. Signal Display

IF stage signals are detectad at terminals livls, and
each is rectified 10 double voltage through the actions
of two dicdes, then sent to Tri. The signal strength
detection circuits sre divided into a series of four.
For example, when 3 10dBu signal is received, the IF
. stage amplifisr connected to the It ferminal generates
2 signal operating diodes D1 and D2 for the output.
That means that the D1, D2, €1, €2, L1 circuit is not
operating at this time. When 8 stronper signal i re-
ceived, input from b rises above 10dBu to saturstion
point {app. 30dBy), st which time input is transferred
to Iz 10 cover the 30dBu-50d8u range. The 1> terminal
is for signals between 50dBu and 80dBu, while 14

covers the range from SOdBu and 100dBu. This as-
sures excellent, lnsar meter response. These civcuits
= LI1LZL3L4 {C1-CB) are connected with DC current,
mnot AC.

2. Multipath Display

The Signal meier display signal is amplified at Trl
1o operate the meter. At the samw time, the AC
element in the signal which shows muitipath strength
s amplified and rectified 10 a half wave by D10. In
this way positive potential is abtained. At this time,
if the meter switch is set 10 5-M, positive potential is
ted to Trd {in paraliet with the signal meter), lowering
the impedance of Tr3 and redusing the Signal meter
amplification accordingly,
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AUTO BLEND CIRCUIT
A weak sterep signal is sccompanied by noticeably

more noise than 3 monophonic signal of the seme

strength, The phase of such noise is opposed in the
right and left channels, so it is possible to cencel it,
at least in part, through mixing the channels, without

tasing trequency résponse. The mixing is done auto-
matically by this circuit, in two stages: for signals
below 60dBjt and beélow 40dBu. Naturatly, the stronger
the Merd effect, the less stereo separation is available.
{Separation A0dBu 1KHz = 8dB, 60dBp 1KHz = 14dB)
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Opaeration

1. With the Auto Blend Switch O

Since the Tr1 bias is positive, Trt switches on and E
potential at point@ is 2ero. Potentials at points © and
@ are balow —0.5V, so T2 aind Trd are on, Tr3 and
TS oft. In addition —12V Is fed 10 thie gates of FET1
FET2, so there is no blend effect,

2. With the Auto Blend Switch On

2. It the strength of the received signal is fess than
40dBu. potential present at input terminal [3 is
low, so that the outputl impedance from Tl s
high, raising the potentials at peints B and § 10
more than --0.5V. This switches Tr2 and Trd off,
and Tr3 and Tr% on, and potential almost the vatue

AUTO TOUCH AFC OFF CIRCUIT & STATION/AFC
INDICATOR CIRCUIT

These ¢ircuits turn the AFC oM when a station i
being tuned, and also indicate when tuning is in the
receplion area of a station, showing that the AFC is
off at the same time, This gives rise 1o the following
merits:

1. if the AFC is constenily operating in the tuner
then, sstuming that AFG-caused frequency driftis 1/n,
‘the apporent sélection zone is increased n Hinws. in
such 3 case, if there is a powertul station nesrby on
the dial, the tuning is apt to be pulled off, even
during station selection, which will make it impossible
to ture the nearby station. To avwid this probiem

of E is féd to FET2 and FET3 gates. In addition,
the left channel audio signal is Yed from FETI to
the FET2 and FET3 gates for a steady blend
effect in both stages,

b. When the strength of ¥ received signal is below
60dBu but over 40dBu, Tr1 impadance lowers and
potential 31 point{a)is encugh to cause the potential
at points () and (©to drop, below —0.5V, so that
the blend effect is asvailable, but only via FET3.

¢, When the strength of the received signal is over
60dBr Tr1 is almost switched on, which Is the same
condition as thst dascribed in {1) above., This can-
cels the blend effect,

the AFC goes off automatically when the tuning knob
is touched.

2. More recent tuners tend 10 do sway with the AFC
function sltogether, depending upon adwanced circuit
technglogy 10 suppréss drift. In these twners. circuits
#fe designed to resist the affeci of temperature flue
toations, so that drift can be forgotten as a seribug
probitern,

In such a twner, the addition of AFC will of course
provide extry proteclion against dritt = and this is
the superior festure of ihe Yamaha system,
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Operation

1. Touching the wning knob with your finger passes

the electric potentis) in the human body o the TS
terminal, and it is amplified by TrY and Tr2, then
rectified by D1 and D2 diodes for {+) potentish

2. This potential is sdded to the base of Trd, swiwch-
ing 11 on and grounding the AFC terminat {i.e., cancel.
ing the AFC effect].

TRANSIENT NOISE CANCELATION CIRCUIT

This circuit serves to canced the noise snd distortion
caused by iurning the Power switch on and off.

Fig. 4

3. At the sarhe time, this potential i% fed to the buse
of Trd, so that that transistor comes on snd grounds
Tes with 15k€2,

4, When the station display signal is fed to the )
terminal, Trb comes an and switches Tr6 on, This lights
the AFC/Station famp, At this time, if operation {3}
gbove is sdded, Tr5 output voltage drops and Trd
output impedance rises, so that the AFC/Station lamp
dims to thow that the AFC iz off.

Operation

1. When the Power switch is turngd on

When the power is switched on, potential at point @
is equal to E, and rites to +12V according o o time
constant decided by C1RT. When this +12V is added
to the bate of Tr1 this transistor switches on and shuts
Tr2 off, so that the differénce in voltage obtained
by C1R1 appeats as it it 3t terminal 0. This switches
Tr7 {previous diagram) on, and the same condition
continues until the voltage a1 point @ reaches +11.5V,
thus cancelling unwanted signals at the time piower
is switched on,

2. When the Power switch is turned off

When the power is switched off voltage at poim ®
changas from 12V to E potentiel, This change is
rectified 16 couple voltage by D3D4, and negative load
potantial is oblgined at point @. This switches Trl
off and Tr2 comes on, so that € potential is present
at the collector of T2 and the negative potential
changs is available at tarminal 0, providing a muting
affect at the instant the power is switched off,

D2 removes the ripple n the negative voltape at point
) which means it cancels the operation of this cir-
cuit, which works via ripples when the power switch
is turned on.




CT-7000

MUTING CIRCUIT

This clreult eliminatas weak signals and inter-station
noise during tuning, or in case of statioh. drift. This

circuit also functions 1o cut transient noises, 8 function
which will be explsined in snother section.
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Operation

1. Mutlag operation due 10 3 sigral Trom terminal [,

a. DC voltage e1, which shows the strength of the
received signal batwean 10dBy and 10008y is fed
to the It termingl and passes to the base of Ted,
which has had its bias adjusted by VR1.

b. If 1, is less than the set bias value, Trd switches
off, switching Trb and Trb on. This makes the voltage
st point{® sufficient to turn on Ti8. Trd and Te10,
grounding the composite signal via Tr8 and the
sudio signal vis Tr® and Trib.

¢ On the other hand, if ¢l is greater than the set
bias value, the Trd switches on, thus switching off
Ted and Tr6. This means that the voltage st poing
B will switch off Tr8, TrS and Tri0, thus passing
the composite and audio signals.

2, Muting operation due 16 a signal from terming) lz.
a. Signal £2, whith contains & DC component showing
the tuning eberration, is fed to the [2 terminal.
This is potential which can be obteined by the
discriminator S curve. Whan the received signel is
lower than the correct tuning point, negative volt-

age is contained in #2; when it is higher, positive
voltage is presant,

b. When the received signal is lower than the correct
wning point, Trl is continually off, but Tr2 can
be switched on by voltage of below 0.5V, and
at this tire T3 comes on, in this case potential at
point @ bacomes zero dua to diode D1, while point
@ is grounded by D2, thus switching on the muting.

¢. When the signal is higher than the muting point,
Tr2 amd Tr3 are continually off. Tr1 comes on
whan it receives more than ~0.5Y, cresting E
potential at point ©. D2 thus grounds point @
switching on the muting.

d, in atdition 1o selecting DC voltage, this circuit works
in the sams way to block unwanted signals of
below 20H:z and over S0kHz through the actions
of C1 and L1. This cuts the noises normally heard
when the tuning knob is turried guickly and passes
one or more stations.

2. When the muting efiect is not desired it can be
bypassed by ralsing voltage 3t point{d to +12V via
the Muting switch, thus turning TrG off.
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PHASE LOCKED LOOP CIRCUIT

10 rhateh the oscillator 19kHz pllot signal 1o the broad-
cast pilot signal,

This circuit accurately creates s switching signal which
divides the stereo components of the FM signal. 1t is

diviged into two parts: an oscillator and 8 saction
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Operation
1. Oscillator Section doubied multivibrator formed by Tri1 snd ¥r12,
8. A 78kidz sine wave i obtained from the VGO creating 19kHz square waves of opposed phase at
formed by Te6 and Te/, It s changad into a square points (D) and & Wavetorms and phase relations =t
wave at TrB and then fed to the doubled multi- each time point are as shown below:
vibrator formed by Tr9 and Tri0. Thus st OR and . As 2 principle o operation, the osciltation freguency
OL 38kHz square waves of opposite phase are {phase} of the VCO rises ladvances) as the Tr6
obitained. potential becomes more positive, and drops {retards)
At the same time this 38kHz signsl is fed 10 the as i betomes more negative.
{2 pont (B (3) ONT (&)
CHART 1 CHART 2 i CHART 4
a1l 7 % 95 & 7 8 67 2 5 4. 85 & ¢ 8 o 1 ¢ 8§ # &5 & 7 8
t1) POINT (@) rBxiz
CHART &
¢ 12 3 4 5 6 ¥ 8
CHART 3
l 3 l CHART 6
4 « 2 3 5 & T & % 1 2 3 A4 & 6 T B
CHART 7
D 3 2 3 4 B & ' B
Fig. 7

Hotes
1. Wavelorms ar point & are the some sguare wave
as ot point{} buy phasing is opposite.

2. The wavetorm 31 pointis the seme square wave
a5 that at point & but the phase is opposite.
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2. Phase Comparison and Detection Section

a The 19kHz pilot signal, a composite signal neces-
sary for phase comparison and detsastion, is selected
by the band pass filter composed of the cirouit
from the I’ terminal to point®

b. This seiected 19kMz pilot signal is amplified by
Trl and fed to points @ and @) connected to Tr2
and Tr3 respectively. To these ‘transistors, the 18kHz
square wave from the oscillation section paints(])
and B sre also fed,

¢ In this way the phase comparison and detection
circuit is formed, and output V¢' and Vd' can be

N\

2-1. To detect the waveform in chart 9 above accord-
ing to chart 4 and chart 5 {previous page),

10-a. Qutput st {d) when chart 4 is added 1o Tr2.
10-b. Qutput at (t) when thart 5 it added to Tr3.
At the sama time, these also show the outputs at point
© lin the condition seen in chart 10-@) when chart 4
is s6t to Tr3, also show the output at the point (d)
in chart 10§ when chart § set 10 Te2,

CHART 8

"CHART 10

obtained. Since the 19kHz square wave signals diiv-
ing Tr2 and Trd are in opposite phase, Ve and
Vo' are activated atternatety. This phenomsnon is
then amplified by the differential amplifier Tormed
of Trd and Ti5,

d. The phase relutions between the pilot signal and

the signals at points(Dand Tk} as well as the po-
tential at points(c) and(d);, are shown below:
The figure to the left shows the point &) input
waveform. The one on the right shows that for

N4

(2)!

CHART 9

22, To detsct the wavelorm in chert 9 above using
chart 6 and chart 7 shown on the previous page:
114, Qutput 3t {d} when chart 6 is added to Te2.
11.d. Qutput at {0) when chart 7 is added 10 Trd.
At the same time, these also show the outputs &t point
© lin the condition ssen in chart 11.) when chart &
is set 1o Tr3, also show the output at the point @
in chart 114Q) when chart 7 set 10 Tr2.
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2:3, Potentlal at points (&) and (@ becomes that shown
at & b’ ¢ and d' in the shart 10 and 11, Phase differ.
ences and output relations between pilot signal and
detzction signal are as shown in the following chart 12.

CHART 12

2-4. Since points@and(@) are connectad 1w the differ-
entisl amplifier, its operation creates the following
relations. Let the potantial 2t@be EQ), st EQ and
st ® Ep. Then E@KIEGQ ~ E@ ). Furthermore
K>0. The output potentisi at ¢ undergoes the change

shown in chart 12, also due to the phase difference bet-

ween the pilot signsl and detestion signal | added to
Tra.
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3. Oscillation Section end Phase Comparison Detection
Section

The cutput potential of the phase comparison detec
tion section isnddudtoﬁcbmof‘frﬁinmvco.
so that by examining 1.b and 24 one can see that
locked condition is posnblo only when the phase dif-
forance is sither 90° or 270°, and the follnwing conr
ditions hold:

8 zone: VCQ works Tor phase retard,

b 2one: VCO warks for phase advance.

¢ zone: VCO works for phase advance.

d zone: VEO works for phase retard.

Therefore the only stable, locked condition it 270°
phase difference (with » 80" difference, even 2 tiny
retard will cause an automatic shift 10 270°).
Therefore, according 16 the cherts in the Oscitlator
Section discussions, what leads 1o stability are(])srmi

nat output {chart 71, & terminal output (chart e)
(D terminal output (chart 3} and () terminal output
{chart 2).

Even if a focked condition arisss at 90° phase difference,
it will be due to(D)terminal outpur ichert 3} and (B
tarmine! output ichart 2), so that switching will not
be affected at ali.

“; pittermace between plikt signot sof(J)tarminal wutpur sigeel.
GHART 13 |

1
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STEREQO/MONO DRIVE AND STEREO INDICATOR

CIRCUIT
This gircui} rec«e_ives stereo FM signals strong enough locked the demodulator operstes grngd the stereo indi
for stareo reception. When the PLL cireult is phase gator lamp lghts, which is this circuit's Junction.
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Operetion
1. The composite signa! is fed from the v terminal +
and undérgoss a high cut due to R1, C1 andt C2. Itis
sdded 10 the 19kHz 00° phuse shifter composed of :
Te1, RZ and C3. in this way the 19kHz pilot signal %‘, d
leads by 90° and is amplified at Tr2 {only during L ‘

) i bt ; PHASE
steren hroasdcast reception, of Gourse). Wz w0t e - DFFERENCE
2. At the same time, the PLL circuit D terminal out I - 300
put {7} enters via 12 and the phase detector Tr3 is
operated by Trd,

3. Using the phase difference betwsen the pilot signal
and signal, Fig. 7 to see the potential at point Efie.,
the phase detector output, the following peints be- oH _
tome clear. See chart 14, — HART 14
The operation to the detector when the PLL circuit
is phase locked is shown by the chart 15, At this
time the phase difference is zero, snd maximum posi- _ .
tive output is obtained. * ¥a)
4, The potential change is integrated by R3 and R4,
and wihen it it more than 0,25V, Tr5 goes on and T¢7
goes off, which switches Tr8 on. In this way the
multiplex demodulator begins to operate and o1 the
same time the stereo indicator lamp lghts, driven by
Trd.

However, if the station display signal is not received

7
l.._

viz l3. ie., if the swrength of the recelved signal “PILDT SIGNAL
is balow the muting level, the base of Tr8 will be
grounded through D2, keeping it off and keeping the
steren indicattr lamp from lighting. The muiiiplex “
P grwine o CHART 15

demodulator will also fall to be attivated.

i




MULTIPLEX DEMODULATOR CIRCUIT

This circuit double tunes the comiposite signal by &
switching method, thus separiting out the left and
right channe! audio signals.
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Oporation

The composite signal entering st [1 is amplified by Tri
and becomes cutput due to the low impedance of
the T2 emittar-follower cirouit,

Also, via the 13 and Is terminals a 38kHz square wave
is constantly received from the PLL cireuit, At terminal
14 3 minus potentiat is received only when the signal
i1 in stereo.

Theratore, when a streo signal is received Tr3 comes
on. Trd and 'Tr5 repeat seesaw on-off motions at the
38kHz fraquency, which drives Tr and Tr7. When
Trd is on, Tr6 comss on {at the same time .TY5 is

off, switching Tr7 off), When Tv4 turns off, it switches
off Trg (at this time Te5 is on and thus so is Ti7),
in this way the grounded-open movement is repeated
batween points @ end(Dat tha 38kHz rate, permitting
the right and left audio signals to be obwined from
the composite signal, One part of the audio signsl is
fed hack through terminal 11 for more perfect separa
tion characteristics, I addition, when 8 monophonic
signel is being received, Tr3 shuts off, and this turns
off Tr4, Trb, Tr6 snd Trl, so that the sudio signal
obtsined at tarminals Lo ‘and Ro are monophonic.
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