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4. CIRCUIT DESCRIPTION

4.1 POWER AMPLIFIER

The SPEC-2 is a high power design, employing a
cascoded differentjal amplifier first stage, push-pull
drive, and darlington triple push-pull circuit with
all stages, direct coupled (OCL).

The circuit diagram is shown in Fig. 2. Q1 and Q2
form the differntial amplifier. The input signal is
applied to Q1 and NFB from the output stage
applied to Q2 base. These two transistors are con-
nected in common base circuits with Q3 and Q4,
forming a cascode amplifier. Since the common
emitter circuit (Q1 & Q2) load becomes the input
of the following common base circuit stage, load
impedance is low and stable amplification can be
achieved.

Q3 and Q4 outputs drive Q5 and Q6 in opposite
phase. The Q5 output via Q7 is applied to the
current mirror circuit formed by D2 and Q8, where
the phase is again inverted. Q6 and Q8 outputs
thus become signals of the same phase and perform
a pre-driver function.

The current mirror circuit is depicted in Fig. 1.
Current flowing through R2 and Q8 becomes equal
to that flowing through R1 and D2. In other words,
since R1 and R2 are equal, and the characteristics
of D2 and Q8 base-emitter are also equal, the
current +B1 reaching point A (in Fig. 1) through
R1 and D2 is equal to that reaching the same point
through R2 and Q8 base-emitter. This becomes
equivalent to having Q5 output directly driving
Q8.

By adopting this current mirror circuit, when
muting relay RL5 is OFF Q8 is cut off, Q10 — Q20
are switched OFF in succession, and operation
stops. The reversed phases of Q8 and Q6 outputs
cause them to cancel each other, reducing pop
noise and muting relay switching noise.

Q13 and Q14 in the following driver stage drive
the power transistors by direct coupling. The final
stage is a high output design with three power
transistors for each channel coupled in parallel.
This parallel coupling permits comparatively large
current (Ic) to be employed through each tran-
sistor, plus selection of an operating point with
good linearity and high amplification (hfe).
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Fig. 1 Current Mirror Circuit
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Fig. 2 Power Amplifier Circuit
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Current Limiter Circuit

The current limiter circuit, shown in Fig. 2, consists
of Q9 —Q12. If an overcurrent flows in the power
transistors, due to low load (less than 4Q) or load
shorting, this circuit utilizes the voltage drop
produced in the power transistor emitter resistance
to limit the input voltage. Q9 — Q12 are normally
OFF, but if for some reason an overcurrent occurs
in the power transistors, the voltage drop compo-
nent of thé power transistor emitter resistance
increases. This voltage is divided and used to bias
the bases of Q9 and Q11, switching them ON.
Q9 and Q11 make Q10 and Q12 conductive,
limiting the signal voltages applied to the basis of
Q13 and Q14.

VR2 and VR3 in this circuit set the current limit-
ing value, while TH1 and TH2 are for temperature
compensation. RL6 is a selector switch for chang-
ing the current limiting value at 42 load.

4.2 PEAK LEVEL METER CIRCUIT

Logarithmic indication is required in order to
provide a broad indicating range in a single meter,
without the need for range selection by the user.
With respect to an 8Q load, approximately 50dB
logarithmic compression is performed to allow
meter indication in the range of 0.01 — 500W.

As shown in Fig. 3, the circuit is_divided into
positive and negative sides. Each side consists of
logarithmic compression, peak value holding and
voltage to current converter circuits. In addition
there is a current resultant circuits, common to
both sides. The positive side circuit operation is
described here.

Voltage current
Converter

POSITIVE SIDE

logarithmic
compression

ol Nx o3

SPEC-2

A portion of the power amplifier output signal is
compressed by the logarithmic compression circuit,
which utilizes the exponential function properties
of diodes. Figs. 4 and 5 illustrate the operating
principle and input-output response. The com-
pressed signal is then rectified and retained for a
suitable length of time by the peak holding circuit,
which employs a simple diode and capacitor con-
struction. Holding time is determined by the time
constant of C1 and R1.

The holding circuit voltage is then applied to the
voltage-current converter, where it is converted
into a current value and amplified. The current
afterwards passes through the current resultant
circuit and drives the meter.

The current resultant circuit applies the larger
current of the positive and negative sides to the
meter for operation. '
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4.3 PROTECTION CIRCUIT

The main purpose of the protection circuit is to
protect the equipment and give an indication in
the event of malfunction, incorrect operation,
faulty connections, or other causes.

The block diagram of the protection circuit fune-
tions is shown in Fig. 6. The following description
is in reference to the diagram.

Relay and Lamp Drivers

Q27 — Q30 form the relay drive circuit (see Fig. 7).
while Q31 drives the lamp. In normal operation,
reverse bias is applied to QZ27, maintaining it in
the cut off state. When an abnormality is detected
by the DC balance or temperature detector, current
flows through R1. Q27 base potential falls rapidly
and it switches ON. This causes forward bias
voltage to be applied to Q28, turning Q28 ON.
Potential at point B drops, turning off Q29 and
Q30. With Q29 OFF, current to relay RL5 is cut
off, turning Q31 (lamp drive) ON and lighting the
protection lamp. Q30 cuts off the current to RL4
and RL2 (when impedance switch is at 8(2; when
at 402, RL4, RL6 and RL3).

Because of RL4 off, output circuit of the power
amplifier becomes open, and the stages beyond the
predriver are stopped operation completely by
RL5.

INPUT O—] Power amplifier

RL2, RL3 and RL6 are for changing the trans-
former secondary taps when the impedance switch
is selected and determining the value of the current
control circuit in the power amplifier. They are
thus not directly related to the protection func-
tion.

Zener diodes D2 and D3 fix the operating poten-
tials of Q29 and Q30, and the difference in their
starting points prevent misoperation.

Power Switch ON Muting

This circuit also includes a delaying function when
the power switch is set to ON. The delay time is
determined by R8 and C1 in the Q29 and Q30
base circuits.

Immediately after the power switch is turned ON,
Q27 and Q28 are reverse biased by —B1 and - B2,
and switched OFF. Point.B potential from +B3
passes through R8 and rises as Cl charges. The
rise time is determined by the time constant of
Cl and R8. When the potential exceeds D3
(zener diode) zener voltage, Q30 is switched ON
and current flows in the relay circuit connected
to Q30.

In the same manner, when the potential at point
B exceeds D2 zener voltage, Q29 is switched ON
and current flows in RL5. Correct voltage is thus
applied to the power amplifier.

Speaker

—

- 1
I RL4 Protection
OC balance I lamp
detector
Relay Lamp _M
J driver [ driver
L] Temperature r
detector [ |
Power switch ____J
ON muting Impedance
selector
muting
Power switch
OFF muting

Fig. 6 Block Diagram of the Protection Circuit




Power Switch OF F Muting

Since +B3 normally passes from R7 to R6 and
flows to —B2, Q28 base is maintained at cut off
potential. When the power switch is turned OFF,
—B2 immediately ceases, since its time constant is
smaller than +B3. Consequently, +B3 passes
through D1 and is applied to Q28 base, turning
Q28 ON. Point B potential then falls rapidly,
turning Q27 and Q30 OFF.

Impedance Selector Muting

When the impedance selector switch (S1) is
changed from 82 to 49, uncharged capacitor C2
is introduced into the —B2 circuit, temporarily
reducing —B2 voltage. This causes Q28 to switch
ON, C1 to be discharged, and Q29 & Q30 to be
switched OFF.

INPUT o]

Power amplifier

SPEC-2

Although Q28 switches OFF again, Q29 and Q30
continue in the OFF condition for several seconds
while C1 is charging.

Temperature Detector

The temperature detector employs positive coeffi-
cient thermistors (posistors). These are temperature
sensitive elements possessing a positive temperature
response, rapidly increasing in resistance when a
certain temperature is exceeded (see Figs. 8 & 9).
The posistors (TH3 & TH4) are mounted on the
power transistor. If some abnormality increases
the temperature to the posistor operating point,
their resistance rapidly increases, reducing the
potential at point C. This allows D3 to conduct,
so that the potential at point D drops and Q27
switches ON.

Protection
lamp

i

Detector
circuit

-B2

| —

Fig. 7 Relay and Lamp Drivers Circuit

operating point
1

—» Resistance R(Q)

—Temperature t (°C)
Fig. 8 Posistor-temperature Response

1 +B2
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Lﬂ______._____l_fo
» Relay and lamp
OC balance rivers
detector A —
02

Fig. 9 Temperature Detector Circuit



DC Balance Detector

Q25 and Q26 make up a differential amplifier,
as shown in Fig. 10. The inputs (bases) of these
transistors are connected to the left and right
power amplifier. If for some reason the DC
balance of the power stage is upset, a potential
difference arises in the differential amplifier input
signal, unbalancing Q25 and Q26 collector currents.
When one of the collector potentials becomes
lower than Q27 base potential, this base potential
is dissipated through D1 or D2, Q27 switches ON,
and relay and lamp drives operate.

4.4 SURGE CURRENT SUPPRESSOR CIRCUITS

A toroidal core power transformer is used in the
SPEC-2, which while possessing compactness and
a large handling capacity, also exhibits extremely
low internal resistance. In combination with the
four 15,000uF electrolytic capacitors forming the
power supply, surge current accompanying power
switch operation can reach a maximum of 300A.
The power supply can therefore be damaged unless
protective measures are taken.

The main sources of surge current generation are
power transformer excitation current and power
supply electrolytic capacitor charging current.

Two surge suppressor circuits are employed in the
SPEC-2, one each in the primary and secondary
power transformer circuits. These circuits are
shown in Fig. 11.

Power transformer excitation current is handled
by the relay surge suppressor circuit at the
primary side. When the power switch is turned
ON, the current passes through R2 & D1 and
charges C1, therefore it does not flow through the
relay drive coil immediately, and RL1 remains
OFF. The transformer excitation current flows
through R1 during this interval. After. C1 is
completely charged, current flows in the RL1

o +81 drive coil switching it ON, and R1 is shorted.
% 2 The surge suppressor circuit in the
= —————— secondary side of the power trans-
poommmm s former is designed to handle the
! electrolytic capacitor charging cur-
| :mp;lflaierr ::i"':r:“‘ lamp rent. When the power switch is
i turned ON, RL2 and RL3 remain
b ———— 4 OFF due to protection circuit op-
eration. Consequently, the current
passes through R3 and R4, gradu-
ally charging the electrolytic capaci-
tors through a bridge type rectifier
Fig. 10 DC Balance Detector Circuit circuit. RL2 or RL3 is switched ON
when charging has been completed,
Power . .
translormer giving the normal operating mode.
Rl 'f T o =N By employing these circuits, surge
i .J [ l+ ) current is limited to approximately
A | : . Eientrp‘lﬂlu 40 A.
RL2 RL3 j capacitor
D +
—J l Flectrolytic
A | capacitor
SRRy Bl
R4
]
R3
Fig. 11 Surge Current Suppressor Circuit
10

T —————

TG -COMF ;



8. PARTS LOCATIONS

1. Top View
Power amplifier Power supply
assembly circuit assembly
(RIGHT CHANNE L) AWR-093 Electrolytic capacitor
AWH-045

15,000uF 100V
ACH-052

; (
5
&

Lo

Power amplifier Power
assembly transformer
(LEFT CHANNEL) ATT-249 Meter
AWH-045 | amplifier
| assembly
Diode AWM-081
KBH2504

20



2. Front Panel View

Handle
ANK-084

ANB-358

SPEC-2

— Front panel assembly

Knob ——————
(LEFT LEVEL) \
i

AAB-097

——Knob
(POWER)
AAD-109

3. Front View with Panel Removed

Lamp (bar type) ————

8V 0.3A
AEL-058

Knob
(RIGHT LEVEL)
AAB-097
Handle
ANK-084

Variable resistor

i
|
i
|
1

Lever switchJ

(POWER)
ASK-080

Peak level meter -J

(LEFT CHANNEL)
AAW-051

Lamp with wire
8V 50mA
(PROTECTION)
AEL-042

i 100k$2-B
| (LEFT LEVEL)
| ACV-009 |

Variable resistor
100k£2-B
f (RIGHT LEVEL)

(RIGHT CHANNEL)
AAW-051
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