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INTRODUCTION

The magnetic-field power amplifier design incorporated in the
M-1.5 allows a degree of efficiency and protection unequaled in

conventional amplifiers.

The high efficiency and protection control are made possible by
the triac-controlled primary of the M-1.5's transformer together
with the supply's ability to "track" the audio signal.

These features greatly reduce size and cost per watt.

To better understand this design, which is far from conventional,

the following circuit description should be read carefully.

Attempting to repair the unit without the following information

may lead to severe damage to the unit.

The circuit description is followed by a Test Procedure and
Troubleshooting Guide. Please read the Circuit Description and
follow the Test Procedure,using the Troubleshocoting Guide only

if you run into trouble during the test procedure. It is very
important that the “prestart" list at the beginning of the test
procedure is followed when powering up a damaged unit on the bench.
It will also be a very good idea to study the Troubleshooting Guide

ahead of time so you are familiar with its contents,
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AMPLIFIER BOARDS

Two standard phono plugs on the amplifier are capacitively coupled
to the amp boards. On older units, the input was directly coupled

to the amplifiers.

The input signal is processed by a clipping eliminator circuit
which consists of a OPTO coupler (0OCl), a "steering" bridge

(D1, D2, D3, D4), and a filter network (R96, R98, C33). The
clipping eliminator is driven by the error signal on the output of
input buffer IC1l. Distortion in excess of 1% will provide suffi-
cient drive to attenuate input and light the headroom exhausted LED
on the display. This circuit will prevent distortion in excess of
3% with up to 15 dB overdrive on the input (see figure 7).

NOTE: On older units, a dual op-amp was used in the front-end and
the clipping eliminator was driven by a differential amp which was
outside the signal path and independently compared input and output
signals.

Input buffer IC1 (TLO-81 op-amp) provides a high impedance input
to isclate the clipping eliminator circuit and provides a low
impedance output for driving the clipping eliminator circuit and

succeeding stages.

Local negative feedback from the output of IC1 via R90 and C25 is
used for stability, and to reduce overall negative feedback,

The ocutput of the input buffer is coupled to Q14 and Q15 which
provide a current source for dc biasing and also provide dc-level
shifting which is required for referencing the audic signal to the
top dec¢ supplies (%} to drive the next stage.
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The output of the dc¢-level shifters drives a pair of predriver/
voltage amplifiers {Q13 and Q20). This stage provides full voltage
swing to the following current gain stages and supply "tracking”

on commutator circuits.

The bias network of Ql6 and Ql7 provides adjustment of the dc idle
current through cutputs Q% and Q6. Qlé is mounted on the heatsink
and provides thermal feedback to prevent thermal runaway and helps
maintain a constant i1idle current. RPl on the amp boards, adjusts

the idle current.

The predrivers drive the "driver" stage {Q8 and Q3) which provides
current amplification for driving the outputs and supply commutating

circuitry.

Available current to the base of the drivers is limited by limitor
transistors Q18 and Q19 which are biased on by the voltage drop
across the output emitter resistors R49 and R87. When Q19 is
biased on, Q26 is also biased on, providing a shutdown pulse to
the supply board.

Q26 will also be biased on by excessive high frequency. This is
achieved with C30 and R102. As frequency increases, the current
through R102 increases, sending a shutdown pulse to the supply
board.

These are the only two shutdown signals that the supply will get
from the amp cards--other than their output signals.

Current from drivers Q8 and (3 provides drive for the two high
gain, high~linearity output devices Q6 and Q5. These devices
provide full voltage swing and current drive to the loads.
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The active, local bias network of Q23, R86, and R85, provides
variable "pull down" of the hases of Q6 and Q5 tb help prevent
common-mode conduction of the output transistors and reduce their
turn-cff time.

The first supply commutator transistors, Q7 and Q4, are used to
increase the supply voltages on the collectors of Q6 and Q5 from
50V to 80V as regquired (see figures 5 and 6). The diode network
of D31, D15, D16, and D17 (and their negative equivalents),in the
base of Q6 and Q7, provides voltage "lead" for the first supply
commutating transistors Q7 and Q4. This allows the supply voltages
to stay ahead of the audio demand. As freguency increases, Q7

and Q4 require additional "lead" time to stay ahead of the audio.
This is achieved by C13, R6, D14, and R47 (and their negative
eguivalents),

The second supply commutator pairs, Q9, Q10 and Q1l, Q2, increase
the supply voltages on the collectors of @7 and Q4 from 80V to

125V as required. This, in turn, allows Q7 and Q4 to increase Q6
and Q5 collector voltages to 125V as reguired (see figures 3 and 4}).
D13 and D14 prevent the first commutator from dumping back into

the supply.

The second commutators receive their drive from drivers Q8 and Q3.
However, the current at this stage is insufficient to supply enough
current to the output transistors and a bootstrap network and

current gain stage are required.

The main bootstrap network consists of R33, R92, R34, and C9 (and
their eguivalents on the negative side). A second bootstrap net-
work is used to provide additional "lead" voltage for the second
commutator as required at higher frequencies. This circuit consists

of R36, R35, and Cl0 {and their equivalents on the negative side).
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The turn-on threshold for the second commutators is determined by
the dc biasing on the base of ¢12 and Q21. D12 and D23 provide
supply steering which prevents the commutators from dumping kack

into the supply.

Power Supply 240V, 50 Hz

PRIMARY REGULATOR CARD

The M-1.5 is fused with an AGCS8 amp fuse, and thermally protected
by a 90°C thermal breaker--both of which are in series with the

transformer primary.

An RC line filter network is used to suppress line noise generated
by the triggering of triac TR1, and to reduce noise already present

on~line.

The firing angle of triac TR1, which controls the voltage on the
primary of the transformer, is determined by the active voltage
divider formed by 0Cl and R4 on the regulator card. D1, D2, D3,
and D4 provide voltage "steering" for OCl which makes it possible
to use the bipolar device for ac control. This voltage divider
drives the passive RC phase shift network composed of R3, C3, R2Z,
and C2. When the voltage on C2 reaches the 40V trigger voltage of
diac (DCl}, the triac will be triggered (see figure 1). If OCl
is turned on hard enough, the voltage necessary to fire the diac
will be unobtainable and the unit will turn off. If the triac

is triggered at or before 20°C, the primary voltage will be at
its maximum (see figure 2). If triggered later than 90°C but
before zeroAcrossing, the secondary voltage will be at some lower
level determined by demand.
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Since it is possible to turn the unit on or off with OC1 on the
regulator card, this device is used for linear line and load
regulation as well as protection shutdown., OCl is used to provide
electrical isolation between the primary and secondary circuits.

The current through the LED portion of OCl is inversely propoertioned
to the voltage available to the primary of the transformer. This
means that as OCl LED current increases, the transformer primary

voltage will decrease.

MAIN POWER SUPPLY BOARD

Linear regulation control is achieved by controlling the current
through the LED portion of OCl. This current is provided by 05
and Q6 and their passive control circuitry. R21, R20, R23, and
R24 are used to monitor the secondary supply voltages. RPl is
used for manual adijustment of the idle voltage, and R22 limits

the range of control.

The Dynamic Headroom Control circuit provides a means of limiting
the length of time the amplifier will run at its maximum dynamic
power output. This feature is useful in limiting damaging,
continuous high-power output. Over a period of 5 seconds, the
output will be reduced from 625W down to 350W. The clipping
eliminator circuit prevents clipping as the supply voltages are

reduced.

The circuil: works as follows. The right~ and left-channel output
signals arc summed and rectified by D2 and D3 {on the supply board).
This signal 1s fed to an RC network consisting of R29, R3%, C14,
R530, and C8. The output of ICl Pins 10 and 14 provide the appro-
priate poslitive and negative headroom control signals to the
regulator (05 and Q6). Diodes D20, D9, D21, and D10 isolate the
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regulator from ICl Pins 10 and 4 during normal operation. R49 and
D19 allow the RC network of R50 and C8 to reset rapidly when the
output signal is reduced.

Active shutdown protection is provided for the following faults.
k) Over-voltage
B) Over-current
C) Excessive high frequency
D) Integrator control
E) dc offset - low freguency differential
F) £12V fault

All shutdown signals are sensed by the differential comparator of
Q2 and Q3. During normal operation, Q3 is biased on with a 1.3V
reference on its base, and Q2 is off. Q2 will deliver current to
the base of the shutdown drive transistor Q4 when the voltage on
the hase of Q2 exceeds that on the base of 3. C5 extends the
shutdown period by providing base current to Q4 after Q2 has

turned off. C5 also helps prevent false triggering of Q4, as
current through Q2 initially flows to C5. D32 and D33, in
conjunction with R63, provide current limiting for Q4. This prevents
excessive current through Q4 during initial shutdown, yet allows Q4
to maintain sufficient drive to 0OCl as the 80V supply collapses.
The fault indicator LED is in series with Q4 and will light during
all fault conditions. The fault LED will also light when the

amplifier is switched off. The amplifier may not restart until the
fanlt LED is off.

Over-voltage protection is achieved by comparing a portion of the
+125V supply to a preset, requlated reference (=5.8V), If the
voltage on Pin 13 of ICl exceeds the reference on Pin 14 of IC1,

then Pin 12 will go positive and ralse the voltage on the base of
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Q2. This biases Q2 on and turns the amplifier off. Over-voltage

shutdown should occur between +130 and +140V.

Over-current and high-frequency shutdown signals from the amplifier
cards are sensed by Ql, When Q1 is biased on, the base of Q2 will
exceed 1.3V and the amplifier will shut down.

An "integrator shutdown" circuit is provided for additional
speaker protection. The output of the right and left channels is
rectified and summed by D2 and D3. This voltage is averaged over
approximately 3 minutes by the integrator network of R8 and C4.
If the output exceeds 35V rms for too long a period, the amplifier
is either clipping,or extremely-low dynamic material is being
played at too high a level. Both of these conditions will damage
speakers and need to be avoided. The rate of charge on C4 is
determined by the output level of the right and left channels.
Whnen C4 is sufficiently charged to raise the base of Q2 above
1.3V, the amplifier will shut down. This circuit allows full

dynamic range, yet limits long-term average output.

DC offset and excessive low-frequency differences are sensed by

a low-pass differential amplifier (IC1 Pins 1, 2, and 3}. C6

and C7 roll off the output in the audioc spectrum while dc offset
and single-channel, low-frequency signals (below 5 Hz) will be
amplified. If Pin 3 goes positive, Q2 will be biased on when its
base reaches 1.3V, turning the amplifier off. If Pin 3 goes
negative, the base of Q3 will be pulled down. If pulled down to
less than 0V, Q2 will turn on shutting the amplifier off.

The positive and negative 12V supplies are summed by R57 and R56,
and compared by Q2 and 3. If the neqgative 12V supply fails, the
cathode of D6 will go positive, raising the voltage on the base

of Q2 above 1.3V which will turn the amplifier off. If the positive
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12V supply fails, the cathode of D6 will go negative. This will
pull the base of Q3 below 0V and turn the amplifier off.

The M-1.5 transformer secondary consists of 3 pair of supply
voltages (+125V, *80V and t50V), each having its own bridge
rectifier and filter network. A stable *12V supply is obtained
from the %50V supply via D13, Q7 and D14, QB.

DISPLAY BOARD

The M-1.5's display consists of 2 columns of 7 LEDs which monitor
the peak output of the right and left channels. The first, or
bottom LED, is a power indicator and lets you know the amplifier
is ready for operation. The second thru sixth LEDs indicate
power level with a 1 msec attack and 500 msec decay. This display
operates by incorporating a series of 4 comparators and a
resistive ladder network which sets the appropriate reference
voltages for each stage. D10 will light at 7V rms output, D9 at
l1ov, D8 at 13v, D7 at 21V, and D6 at 28V. See Table 1 for
indicated wattage for 4-, 8-, and 16-ohm loads. The seventh LED
is amber and indicates distortion in excess of =1%. It also
indicates operation of the ¢lipping eliminator circuit. It will

accurately indicate clipping at any frequency, regardless of load
impedance or line voltage.
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TABLE 1
WATTS
LED # COLOR V RMS QUTPUT 4 8 16
Headrcom

7th Amber Exhausted at | clipping
6th Red 28 196 98 49
S5th Red 21 110 56 27
4th Red 13 42 21 10
3rd Red 10 25 12 6
2nd Red 7 12 6 3
1st Red Power On - - -
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Equipment List

Scope (isoclated}

DA (with signal source)
22A variac

Line current monitor
Line voltage monitor
8 load

Digital voltmeter
ACVM's

Page 11
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I)

Presets

1. 8 loads in

2. Input cables connected

3. Variac set & min.

4, Line cord plugged into variac and line monitor meters
(voltage and current).

5. Set RPI on supply board for min rail voltage (FCW).

. Set RPI on left- and right-channel amp boards for min

idle current. (FCCW)
Audio generator set to min.

8. Use 10A test fuse for bench test on 240V units.

Use 20A test fuse for bench test on 110V units.
CAUTION: Be sure to replace with factory fuse when
test is completed.
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II.

III.

IvV.

*Note:

Bring variac up slowly until triac just fires {7120V ac line
for 240V units = 60V ac line for 120V units).

1.
2.
3.
4.

Ready-lights on display should light.
Fault LED should be out.
No excessive current flow in line (less than 0.53).
Increase audio inputs to generate a 1V rms, 1 kHz signal
on output.

A) Small crossover notches should be present on

output wave form.

Check triac firing for good symmetry (should be triggering
B about 90°. See fiqure 1.
Check dc supply levels.

A} t125V should be about *57V,

B) +80V should be about #35V.

C) +50V should read about *16V.

D) +12v should read about #*11.2V.
Check dc offset 8 output (should be less than 3¢ mv).

Increase variac to 240/120V ac line (depending on unit type).

1.
2.
3.

Check for excessive current draw (should be less than 0.5Aa).
+125V supply should read 798V dc.

Increase *125V supply to *122V dc by adjusting RPI on
power-supply board.

A) Check for symmetrical triac triggering (figure 1}.

Set idle current.

1.
2.

Remove 8.1 loads.

Adjust RPI on left amp card for 4 mV across emitter
resistor R87 (5W sandbox by RPI) (#0.5 mV}.

Repeat step 2 for right channel.

Connect 8J1 loads.

All primary waveforms must be viewed with isolated scope.
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VI.

VII.

Amp Cards

1.

Check
A)
B)
C)

Increa

frequency response.

Set ref @ +10 dBm @ 1 kHz.

Check response @ 20 Hz (+0, -0.2 dB).

Check response @ 20 kHz (+0, -0.75).

se amplifier output to 40V rms (200W) @ 1 kHz

and check commutators.

A)

B}

Check

BL @ 1
A)
B)

C)
Check
A}

B}
C)

Check
A)
B)
C)
D)

Refer to figures 3 & 4. Top commutators (*¥125V)
should be just starting to operate.

Refer to figures 5 & 6. Middle commutators (*80V)
should be £full on.

full power with one channel at a time driven into
kliiz .

Min of 400W € the clip point,

Distortion should be less than 0.1% @ 400W/channel,
one channel driven.

Check commutators.
hecadroom controller.

Drive both channels @ 1 kHz with no load to the
clip point.

Signal should drop 3 dB in =5 sec.

Remove signal and engage 8{ loads.

30 sec limit.
Make sure integrator cap (C-4) is fully discharged.
Drive both channels @ 350W out into 8f (53V rms).
Amp should shut down in =30 sec + 20%.

Reduce input by 20 dB. Amp should restart in
40 sec * 20%.
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VII. (Continued)
2. Protection Circuitry
A) Drive both channels & 10V rms output @ 1 kHz.
B) Short left-channel output to ground,
1) amp should shut down immediately.
2} right-channel output should cycle on and off.
C) Remove left-channel short.
D) Short right-channel ocutput tc ground.
1) amp should shut down immediately.
2} left-channel output should cycle on and off.

E) Remove right-channel short.

3. Internal dc cffset protection

A) Remove input signal,

B) The M-1.5t is capacitively coupled on the new amp
board inputs, so offset must be generated on the
amp board.

C) Carefully short pin 31 to pin 2 on IC; (TLO-81) on
left-channel amp board.

1} amp should shut down immediately and cycle
@ low level.
D) Remove short from left channel op-amp.
E) Repeat for right channel.
4, +12vV fault protection

A) Disable +12V supply by grounding cathode of D13
on supply board.

B) Amp should shut down immediately and cycle @ low
level.

C) Remove ground and amp should restart.

D) Repeat for -12V supply via shorting anode of D14

to ground.
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5. High frequency shut down
A} Drive right channel & 20 kHz.
B) Amp should shut down 8 ~30-35V rms output.
C) Reduce input and amp should restart.
D) Repeat for left channel.
6. Over-voltage shut down
A) With no input signal, increase secondary voltage
by adjusting RPI on supply board until amp shuts
down.
B} Should shut down between +130 & +140V and cycle.
C) DO NOT exceed 140V,
D) Reduce supply voltage and amp should restart.
E) Reset $125V supply to £122V,

VIII. Amp boards
1. Drive left channel with 1 kHz signal

A) Check display LEDs.
B) Check c¢lipping indicator and clipping eliminator
circuit.
1. With output @ the clip point, increase input
by 6 dB.
2. Distortion should ncot exceed 3%.
2. Repeat step 1 for right channel.
Drive right channel with 1 kHz signal to the clip point
into 4.
A) Check for symmetrical clipping (:0.25 dB).
B} Min output should be 570W.
C) Check commutatcrs (fiqures 3, 4, 5, 6).
4. Repeat step 3 for left channel.

(9]

Reduce output to 1V rms and drive both channels.
A} With shorted inputs, check noise (should be less
than 600 pv.
B} Turn amplifier off,.

C) Turn-off "thumps" should not exceed 2V peak.

END OF TEST
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If the amplifier indicates a fault condition (no power or fault

LED 1lit), the technician should go through the check list located

on pages 3 and 9 of the owners manual.

If the problem cannot be corrected and service is regquired, the

following "hints" may be helpful.

*T. No power {all LEDs fail to light).

*Note:

A) Determine if ac line voltage is reaching the triac.
1) Use ac meter from Main Tl to Main T2 on triac.
B) If ac is not present on triac:
1) Check fuse and fuse holder.
2} Check line cord.
3) Check thermal breaker.
4) Check primary winding of transformer for
continuity.
5) Check solder on primary wiring.
C) 1f ac is present across triac (MT1l--Mt2} but triac
is not firing:
1) Check voltage waveform across diac (see fig. 1).
a. If diac is firing and the triac is not, then
the triac is defective.
b. If diac voltage is exceeding 40V peak and nof
firing, then the triac gate or diac is open.
c. If the voltage across the diac fails to reacl
40V peak, then the problem lies in the
phaseshift network or regulator.
1. Check OPTO coupler OCl on primary
regulator card.

2. Check steering bridge of D1, D2, D3, D4

All primary waveforms must be viewed with a line triggered

isolated scope with NO secondary ground reference.
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II. Fault LED lights when power is applied.

A) Disable shutdown drive by removing the yel/wht wire

from anode of fault LED to power supply board.

NOTE: The amplifier is now totally unprotected except

for the line fuse. Extreme caution should be

used to prevent serious damage to the amplifier,

At this point, it would be unsafe to increase
line voltage until the triac fires as rail
voltages would be too high (%57, *35, $17).
Therefore, when shutdown drive is removed, you
should jumper MT1 and MT2 of triac and increase
line voltage just enough to determine source of
fault (about 10V on the #50V supply).

B) Determine source of shutdown drive.

1) If Q4 is turned on,

2)

higher voltage than the base of 03. If not, the

shutdown drive circuit is defective.

If the voltage on the base of Q2 does exceed that

on the base of Q3, then determine which shutdown
sensor circuit is activated.

a. Check 12V fault--if cathode of D6 is 0.8V,

the base of Q2 should be at a

supplies are okay. If not, check *12V supplies

and RS57 and RS56.

b. Check DC OQFFSET--LOW FREQUENCY DIFF. on Pin 3

of ICl. See section III.
¢. Check HI-FREQUENCY OVER CURRENT TRIFP on

collector of Ql on supply beocard. See section 1V.
d. Over-voltage shutdown, check pin 12 on ICl. See

section V, paragraph A.

3} When source of shutdown fault is located and repaired,

reconnect fault LED and remove jumper on triac.
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*ITT. DC—OFFS?T sensor is tripped (If amp is offset start & A, if not,
go to C).

A) Check 212V suppl%.
1} Defective Q7 or Q8 on supply board.

2} Defective D13 or D14 on supply board.
3) Burned R67 or R68.
B} Check Pin 6 on ICl on amp board.
1} If offset is in the same direction as the offset on
the output of the amp, then:
a. ICl is defective
b. Missing correct feedback
c. Missing correct supply voltages on ICl.

2) If the offset on ICl Pin 6 is in the opposite
direction as the offset on the output of the amp,
the problem is somewhere after ICl.

3) If the offset is after ICl, its cause may be
determined by measuring the base-emitter voltages
on Ql4, Ql5, Q13, Q20, 08, Q3, Q6 and Q5.
EXAMPLE: If ICl Pin 6 is offset positive, then

Q20 should be off and Q13 should be
turned on. It follows that Q3 should
be off and Q8 on, etc.
C) NO offset on the output of the amp but output present
on Pin 3 of ICl on supply beoard.

1) Defective ICl or missing 212V supply to IC1l on
supply board.

2) If tripped when audio is applied, check D2, D3,

and passive elements of the differential amplifier,

*NOTE: Always remove loads when troubleshooting dc offset.
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IV) Over-current high frequency shutdown is activated (Q1 is
turned on, on the supply board).
A) Shutdown activated with no signal applied:

1) Defective Ql on power supply board.

2) Defective D6, Q26, Q19 or D18 on one of the amp
boards. You may determine which board by measur-
ing the voltages across R26 on each board. If
current flow is indicated through R26, then that
limiter is activating the trip sensor.

3} Oscillation on the output of either amp card.

B) Shutdown activates too early when signal is applied:

1} Oscillation on output of either channel.

2} Leaky D6, Q26, D18 or Q19.

3) Defective R87, C30, or R102 on amp board.

4} Defective C2 on supply board.

V) Over-voltage sensor is on (positive) when variac is brought
up toward full line with RPl on supply board set at min.
A) Tf 2125V supply is exceeding 130V, go to step B.
If +125V supply is not exceeding 130V, go to step C.
B) NO primary transformer regulation.

1} Shorted triac {check waveform MT1 to MT2--see
figure 1).

2} Incorrect regulator drive.

a. Check Q5 and Q6 on supply board (see test
voltages on base of Q5 and Q6 on schematic).

b. Check R21, R20, R23, R24 on the supply board.
Check OPTO-Coupler QOCl on primary regulator
card.

d. Check RP1, R22, in the base circuit
of 05 and Q6 on the supply board.

e. Check the passive phase shift network on
the primary regulator card.
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v) Continued
C) Defective sensor circuit:
1} Check reference voltage on Pin 14 of IC1 on the

supply board, =5.8V when +125V supply 1is set
@ +122v.
2) Check sample voltage on Pin 13 of IC1,.
a. If the voltage on Pin 13 does not exceed that
on Pin 14 of ICl1l, yet Pin 12 is positive, then
ICl is defective or missing a supply.
*YI) Excessive current draw with no signal applied (and before
triac fires):
A) Transformer primary circuit.
1) Defective line filter.
2} Shorted triac--this will cause excessive primary
current at idle. Check voltage waveform across
triac (figure 1).

*NOTE: Always remove loads when checking for excessive idle current.

VII) Excessive current draw with no signal applied and after triac
has fired.

A) Transformer primary circuit.
1) Triac firing unsymmetrically:
a. Defective steering bridge (D1, D2, D3, D4) on
regulator board.
b. Defective diac. Check diac waveform (figure 1}.
Defective triac. May be firing in only one
gquadrant.
B} Supply secondary:
1) Defective bridge rectifier (xl125, 80, %50).
2} Defective supply capacitor (*125, +8Q0, +50).
3} Defective $12V regulators Q7 and QB8 on supply board.
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VII) Continued
C) Damaged amplifier drive circuitry:
1) Blown output transistors (Q6 or Q5).
2) Defective driver transistors (Q8 or Q3).
3} Defective predriver transistors {Ql3 or Q20).
4) Defective level shifter transistors (Ql4 or Q15).

NOTE: 1 through 4 may cause offset, depending on other
faults, in which case, it may be easier to use

the troubleshcoting procedure in Section III.
Be sure to remove loads when troubleshooting
offset.

5) Defective bias network (Q17 or Qlé}.

D} Defective or missing mica insulators on any transistor
device which is bolted to the heatsink.

VIII) Early clipping on + or - side of waveform, on one channel or
the other.

A) When troubleshooting early clipping,the clipping
eliminator should be disabled by removing an end of
D33 on amp board.

B) First commutator not supplying sufficient drive to the
outputs.

1) Defective Q7 or Q4 on amp board.

2) Shorted D13 or D24 (this causes commutator current
to flow back into the supply rather than to the
output transistors).

3) Insufficient voltage lead for first commutator.

a. Defective D31, D15, D16, or D17.
b. Defective D14, R47, Cl3, R6é, or their

negative egquivalents.
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VIII) Continued
C) Second commutator not supplying sufficient current to
the outputs.

1) Defective Q9, 010, Q2, Ql.

a. To see if beoth Q9 and Q10 (or Q1 and Q2)
are working, you may check the voltage
drops across theilr emitter resistors R45
and R46 {(or R78 and R79) to see that they
are within 10% of each other.

2) Insufficient drive to Q9, Ql10, Ql1, or Q2,

a. Check drive transistors Qll, @12, or Q21, Q22.

b. Check bhootstrap network (see test voltages on
schematic) .

3) Shorted D12 or D23 {this causes second commutator
current to flow back into the *80V supply instead
of to the output transistors.

D} Defective current limitors.

1} Check D7, Q18 or Ql19, D18 (dependihg on whether
early clip is the positive or negative side of
the waveform) .

E) Defective drive circuitry:

1) Check drivers Q8 and Q3.

2} Check R21 and R57.

3) Check predrivers Ql3 and Q20. Also check R24

and R55.
4) Check level shifters Q14 and Q15.
IX) Clips early, both channels:

A) Defective secondary supply circuitry:
1) Open supply cap. (Check ripple on supply while
running a signal.)
2) Open bridge diode.
3) Open LAN between supply and amp boards.
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IX)

X)

xI)

XII)

Continued

A)

Continued
4} Low secondary supply voltages.

a. Defective regulator circuit (OCl on primary
reqgulator card, Q5 or Q6 or associated
circuitry).

b. Defective headroom controller (check voltage
Pins 10 and 4 on ICl on supply beoard; should
be zero with no signal applied).

Clipping eliminator not working:

A)
B}

Defective OC1l on amp board.
Defective D33, D1, D2, D3, D4 on amp board.

Excessive noise:

A}
B)
C}

D)
E)

F)

Noisy 212V supply

Triac misfiring will cause excessive noise.

Bad TLO 81 op-amp on amp board will cause "hiss" and
"popcorn” noise.

Poor grounding "buzzing" and "hum",

Worn out or defective input jacks.

Loose connections will cause "crackling" and "scratching”.

Excessive turn-off thumps:

A)

B)
C)

Front end op-amp.
1) TLO 81 on amp board.
Leaky drivers or predrivers.

Uneven *12V supply collapse.

i #
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Figure
Figure
Figure
Figure
Figure
Figure

Figure

Note:

Figure Index

1 Triac & diac @ idle

2 Triac & diac @ full power into 8§l @ 1 kHz

3 +125V commutator @ full power @ 1 kHz into 8f.

4 ~125V commutator @ full power B 1 kHz into 8%.

5 +80V commutator & full power @ 1 kHz into 8il.

6 -80V commutator @& full power 8 1 kHz into 8.

7 Top trace is waveform driven 15 dB into clipping with

" clipping eliminator out @ 1 kHz into 8Q.

Bottom trace is waveform driven 15 4B into clipping
with clipping eliminator in.

All primary waveforms are for 120V units.

Wwaveforms for 240V units are identical except for amplitude.
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1)
2)
3)
4)
5)
6)
7)

- 8)

9}
10)
11)
12)
13)
14)
15)

Table of Contents

amp Card - - - - Board #20032-2, Rev. 2

Amp Card Locator - - - - Board #20032-2, Rev.
Amp Card - - - - Board #20032-3, Rev. 0

Amp Card - - - - Board #20032-3, Rev. 1

Amp Card Locator - - - ~ Board #20032-3, Rev.
Power Supply - - - - Board #20033-2, Rev. 2
Power Supply Locator - - - - Board #20033-2,
Power Supply - - -~ - Board #20033-3, Rev. 1
Power Supply - - - - Board #20033-3, Rev 1 (2
Power Supply Locator - - - - Board #20033-3,
Regulator Card Locator - - - - Board #20035-2
Regulator Card Logcator - - - - Board #20035-6
Display Card - - - - Board #20034-2, Rev. 0
Display Card - - - - Board #20034-2, Rev. 2

Display Card Locator - - - - Board #20034-2
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2

1



tag
ASDY ._‘.
127 M nn
220 i hifd 6L
(3] 17
Vg
—AA— )
! 1y X
i __.Jno.u _ amrl-go ¥51
- : T a9y
Erhan- I Azl AR
e NS Tl m,.m i wO!
e Sl [ sLY M AN Y
: | %
. | : [0

L

P —|

QUM SISWHD Juv g - 1T

¥ZCh Tn PAWC U T D (O
C2ZOSINd v SO ) Lo 70T

QF WY 1 0
2L 9L 5
droehl gy -2 1T

HE 0N e IINVLI VYWY Tor
Lvm w4 ARY SWOLRSIY Wy
LQILON WIRAIMD I

-G3a0M

Vi
- i

oM

2c
Az, *2%4

i5Y
=q ]j
o Rl s
(37 L
10°4 G g — A (]

~AAA

| wg Sev Cau " ’ Qb et a

R AfR , B
Ve WOOKRN | 259 vz ? "o o MO ; avn
T _ ik —AAA— e - :
ML e vray €10 7Y ! o6 i N2 T
bl . 9 T ; barsi LI DA &
; R — /_\ WA - 6 | i £29 - 3
=k N e N : e a R S w:m_ T w 43
= bt : d_w e 45 i [ G22 ' S5 05w, - € I _ 3.
e e L i L) = z i e r "
el O—ln | G . M vora e MRS . FI - . AN
Wz _ L&% - ! ._MMEL e .mg% v\\. “&n ; _ .M,.m._ w«.._ — " we—
T I.il‘l!L ! | Dy TUm S : R A of
1 _rf. LIvd WIOWNI = g 2 - nou.(~w;: _ 50 »
“.__.a_u: Langen we | 81 Nw ol e _Mw.mw Loy Qqu an .
€5 . . iy e 2e LT vom = ; ! Snm vod 2 ?aT
’ * AN—t ! ! . i —
| 259 I _ﬂa | Dy y | ew A 2y xa _ _ + 1] o a3
, r JT _ S .
Ve L i =
£ A — Als ] - —
‘an ! i
| | ;
. : e s %
,
Acw uCy | ! -3
OD+ | Ads 477
| i
~EL ' :
7w . from
: 90 c oMLY
w ﬁu = 2 23w
: : McoE
: $2n
ﬁ oan q4u —
f Ruls)
Vit < o
' v Do
£ d !
@ o
s s -
® el
I AN 116003 .. ..
) NOILYYISIO 220 2
e —— i




2

AN Wid SiML -T2 WY auiv
W SLIMOCT O10- 1D A IVEONEOD ¥IANYD

m’ @@’i@, -
@fﬂg@ ﬁ.rhwt Q-nv Eece @gum B =

u_Oo.c.(u
/ H..-Vr_(u

m 4 WA Eﬁ@ i B 0w A
n‘“m .I” _mm%
i

EZD

g

%5 @ m..s (o)




L
e

CTQUMACLY SKISYHD TYe QDS 10
€200 0= Zqv I U LD LD
CT09 DM IJuw 552 «D 70%T

20
-
i |
-
!

A ; Q% W12 4t 120
hrt | £ 18 0L St
| Lvo0 10z Guivhu Jyv L g Vv

ST CIIN NE GRNSY I TINYLIDWIYD Ty
v RA YW SNOLESTY iy

b Y CQTLON 1SRRG SRR
Sy (S AAON

nw ™,
u_rm - g R
L CoLWdl K10 TV |
i wl
83 =
:
i
C¥ Sdn i
' 1 rady, Jd Kq
i .G.Duu) ?
N
Ve
“AA
3%

»\u,_\__ 23
L
229
S Vg
T2
H
© [ ey uz_.i
T ATEY Y e
T ST TN e
! OAYx T-TINOq2 TAY D Lwmw '

; NOLYEOANC D HIAEYD |




On T e L weor -y
, = ¥ L2 o ¥y ¥iob - <17
3WJ. P TR Y ~hs ¥
‘YUNOL SEZWD TYY Q10 * 1D 2 AUBL - oY
542 nmm_ »TOLI MW Yo ) L0000 :
i . €205 w5 w0200 .
Hﬁvo oEWT G Xy NESTY,
Uﬂ 2 Mg 19 ou & 1T
- .n.odn .wn-iﬁ 7 gig i Feietn Jyn LTI T
™ © Sy wy LR OV QIR I LIIVAYD T —Q
. CUYRL rA 1AW SYQLMS TS 1T
% S0N10N iR KW
$9v TSI

Vie

FH

@l W e .-um

O
G pAL1 1 —
a0§ E— 259 | yu ~g22 vom €29 M 4
gy . e \
— J,vnn - nuu . o] |
i A 2]
) 0vRy 44 1V IW
%1 xed:
.-..u_
g A
" _ Ly
§ee’

h T —
\\_u% m\|Nm.OQd 1Y W | _Ihﬂ.ba.munnv.wl.







AOS -

AQC-

>
el
",

>
x

-

AS -

194795 1347 17

-
—
-

GdvD] ADP/CS

TEOZZ ™NOQ WY 1D OWY LD

£ SAVAY 4 -CARM M
@J N QTINGYIV S I YD TTv
g “Uwrnt Tiw SIUQKY TV
o ALY, TV STHILSE I 1T
’ SQIPAIMS FSLRETLLO S6 TINA
e 0 1G3U0M
JLLT ]
| Om ey ol.s.t_ll . Oierd l;!-l\l-.
1 A3% Z-5500 ﬂ#..‘_.. FIE Lu-.__..-
ZAlM T-CL00R  AInG YImO04  SIW [T g e

NGLAVIOW0D W3AYYD

2-5veae
o) g8
HOL¥ NG 3




CARVER CORPORATION
M. POWER SUPPLY 20033-2

L2INNODTIANI
AW CIO




2-wEOOT
Quvd
USIQ

gdr L

—_— =

- < IR '
O] LS sz i
3 s e [
- ' PERTD q
A : LI TRVEN *
ENTELP e i
.
O < © —— _ _
o— L% & SR b
P i Yoy w0g i T ; :
’ - O m i _ g L g . : i
dnrm -— H / ' Loy R, "
O— A T e =-3v007 _ Lo »as 4.* R sor ) oo s .
i ; ; e ! L) SM
S s so' M - N R AL T Lo “ _ b_.‘wl:izm.,n._ &\ 2 . to..n * .
(O LH0B Gd $ ! i v ; - v -
" P S T wHE m R ! | ; _.roE II AL
Joy ST Ty > 12 -3 ) Gdw, Evv Sad WI T Y o
@illl :m_.‘.. Dlrh. >Q}m. O i vz L
. = 4 Sna——ii
™ " -

Sdvl AQG/CE

022 w0 Uy =D Jhr 21D
SAWNEY 4-0¥ M T

QAANGEIW S IINWLIDMEYD Ty
BN Tyv SFU0KN T

Ox°] LUy e, TaY SWOLSIS 3N Ty z s
- Py SR - S N -
9‘ Q1215 3% HLC $STw { UK
.S340N ; verg 2 oew
' ru,.nl)))‘u
I . ) T e umc e
L) S .
h ROGARRRS ATt
oL o= e e| e BT T T e Wwligusskdy,
CAIy 2-5L007 dokﬁ:o? SUW b oy 100D 42
. — .7_.59:. ¥
\a £ et00e Stgn E)o. SW (T r—— _.,CL(.(x_. LN id
- i} 2ot
MNGOIYN04Y0 ) N3AYYD - ———
] AL FIRT R



W.‘Oﬂn
2%

-
NTiv ASA»  ADSP

. SAYD AQE /O
10022 WOOQ PV WD QMY 1)
TSAVYY A -0¥AM M

UTINGYIM S IINNU I YD Ty
Mt Suv SO0 T

‘UYAR. Y SIS 1Y T
-QMJDWS ISLMEIHIO S5m0

N2

I rm Wit
wl o teag e e | rm R 7
Ay 2-5E0F L T e L"J.ﬂﬂn

. [
Y E£-GCO07 ALING WIMO0d  STIW T o —

NOLAYNOLYOD  WIAYYD ——

254002
v
QLY IO 3y

ondiv




< €

@@ * ® E | s

w 8 Y s20 ! _E ' . em mm :
@ﬂ | IER Lw o @ B :

| IEE ono “ N e ¢

m - J ...mo_ g2q . w0 .

o
o

_ ‘ B , T
| "

L 4

£-E5002 MlaanS B3N S1-u
NOVLYICIHO0T WINNYD




8y])
9 v D
SO
oIy =
>
| D
]
, ) mm@ﬂm
- -

= =]

H
e G5

& |

2-SE002 MYOoLvIN9g3Y S1W
NOV\LVYYHOANMOD E 3AAEVYDO



9~ SE00Z

H
_ L
o L20
1o =0
44 | . 3
| [ N a
====AQCI vﬂuz E 2
AOYT 1 —W.W_w
F
T T



&~

R

o

LT
Apnpy

I
il e Ay
e

Q A 2-¥EOQ02 AV4SIQ S W

NOUINNOMNOD ¥3AYYD

MSOSHS AW S3IQOIQ TV
- UAON SHMYUINLO SSIINA
3C1» 3¥y S 7
JvM v WY SYOLSISEY NV
-G310N




S qr-r—l
E

.
TG T .ﬁp

L4
.

SINYRG

AIH 2-vEL0072 AYLSGIQ Sl W

NOVLVHONOD Y3AYYD

‘MSOS¥S TV S3IA0G T
- QAUON IGIMYIRLO SSIINN

A WY S
TAAVM v AWV SYOLSISIE TV

~S31O0N

A0E
ny

il Nt

ot

mzsovhs DIN
o 2

7u_+~|}>>\|.@lll.@
£2x

VolLs
AT A -——(1)

2y 2a
MSarhs 1IN -



o

30

| 7¥]

»

Gi) @B CaP rga;»

S2y
~9SWN ¢ aal -

22

&eH
A
@ﬂ
L
P
fo
1
=
m A
(end]

\.dmw
whp &



90100109

ASZI-
X
210

WIpod SI55YH> 3Py B0 -1 D
00001Y IV G AKYWR' LD
‘00092 YR D

'S5 QST ¥R M
‘0009 QG2 FIN I 5T Qv CO
ooaD IV YOO TOND

'S AUV G000 TV

SOOIl HI QFeF I TRVLIINGVD TV
- TV SWOLSISTH Ty
LTRION FSURTIHD S5TWO

ra

t
s

Q.

ETRTE

.3...\_

~"
.|1|_(<<.||I|
GOF w31 T

n i

®
P V—

\
258 ¥H
J

Wi

5]
AN ey

55

wa0w kL

—4

—ARA—H

LR 9

Aty
e
Wk
%

E&..h\s S @A n-A3A
u Sifs Thle 023 D-AER
O%E o 23
6EL oA A-p3A

ST AR, WU W @
&ﬁ.w. e W 3.%9._..
= U [
-—3
LARRIS'S
gt
- —] b=t
[Rlehbs
ik Eih)
s w
2 w
; N
TRt B 2 QNEG Y
i = A04NL @
m §
i | * %
W W m | uoo.
Tx ..
.PI (.m_ _»ul_
R Mx 1
1o ’ Loy _m
. INTUGPLG INFICUL
.aﬂrv Azl . mmu
! 1 7
S NG |
\M\ Sy &
AL in
z
E SRR I FIN L FRE T
~
LTS
WL
Zow
vk
ton
Faas S 1

S/J,: LTS

el apomd

ﬂ..»A.}_._., R Taics]

[P an c-2e002

QUY ) dWy

NOLLYYOJN0T ¥IAUYD

00- 9T | QO-23G W




S
£ -RE00Z7 AddnS WIMG4 3571 -u
NOVLWITSE0D MIANEYD

[

A omal o v -

* 9=

I

g o d -~ 9w x M -

7oy

L F

~ Sl -



>
o
v

QI LNAOW
SISSYHD

Aok

29 29 £9

AOE -

KOS+

ACE-

ADG

194721 21 1917

ANG2I

1
Luvamoras Tod oy

T A2i-

~OE1 E 4T 2 mi
Ty wol
— - AN

‘ AL-

ASH- AOS -
_nﬁ‘u wood wRe
(2] (¥4 ]
o..cm_luTi Zoon o
D=
- & oowy
—_ 7 i
- ¢ L
L >
ey
&z w “z
Porad
S0 — — - ——
LR Caw . ‘
ok <08
oL 5 e
- ~
AT ASAF ACG

R B

2eET Q4

B WAL Q¥D Cqaw] ADBYOS
{70022 ~¥nQ UV B1T ANY Q1D

SQWIYA-DY M N

QAIPOSVIL S RIS Ty

R=ISCUTIE IV V1o lie iy

HYM A Tey SHGLSSY 1w
Q12345 AGHEILO S5IINN
SILoN

- h3d —_—§ e T e A w

2% oon -um amy DOV Fiari] g1 079
ma| 1 MR C | N} FOoOAL-

0L 2100-19% C EERE

(Q A3 - mnau

.r( oI 51w

O

§, misws
TIRE

Qrir W
HAW £-gC002  A44NS HIMO0D 151W T g e
NOLIVNOAY¥0D MIAYYD _—

T T Avawa ]

Eaws ! i

SL2-1W
9-5v007
tvd
WL NS AW
@
PN ;ﬁ.u
Lt 2l
TN T3 uﬁ
3 n )
T )
MR
LY ()]

ANYMIAY O

U]

220

e
[ :.,zn‘.nff.ﬁn
v
T e .

3

,.an_w b ..:Meﬂ
avy P
1 PR Wy
02 g 3w

’
0 _.a SEN

£

510

4437

Lay awemy

e

o
mzE e, )

i = e rvonm| |2z LTS

T 3wez TT 4 <...<|pl..®

cra T Ta R
_._mdsmnldﬁlu - vz 1431
' W2
oy ax - el @




CORPORATION

CARVER

—
-
——

20034 -

CISPLAY

Ol s | 2]

21
S
20
-
@
~MSKggal -
=
o~ - | ——
Z ) o ok
2P i
~J
b2y z



QO-87100

g axy
PP N T——| T . RERABRM Lol ¥ 4

]

77
[ Gy Y
&) ThDE B e <R

Raddmb. B-22]
NAR 2 w07 AV AG1Q ST W

S

NOVAVHOINGT ¥3IAUYD

00-22:0C-109

"ME0SYS  EY S3001G T

= UAUON FaMy3d 10 5S3TINA

9ty 3Wv S0

1AM YL 3WY SW0ASISAW Y
-S3LON

[

[]

51

_.\mu.

L
P
Jg \.Mg
«_Qm%

3

+
MOC
Hle NI ~G) L2

v B2

MEOWAS
(NG € -Mzhiyze 29
A2l Py
3
(AIND €-' A= U_J_N.w 3»...@,15 O
L yitd

724 A



CARVER CORPORATION
SERVICE DULLLETIN

Service

Bulletin # M-1. 3t-1

Model M-1. 5t

Serial # All

Reason:Excessive Tvight channel buzz with shprted inputs.

channel amplifier PCH.

Procedure:0On the inside front transformer mounting bolt remove nut and
scrape® metal clean. Add a #46 solder lug and retighten mounting nut.
Add 10 inches of Blk #1B wire from the solder lug and wrap wire in
a spiral fashion around all Transformer secondary wires. (2 yellow
2 red, 2 orange. 1 black) in a tightly bundled pack at about

& turns per inch. Solder locose end to Power Supply growund point,
Position wire bundle towards rear of chasis away from the Right

#rom ECO 893

Delete:

Add: Gty (1) 111-200%1-00 #6 lug
@ty (1) 401-10133-00 #18 wire

{black 10 inches)

SERVICE APPROVAL \
ENGINEERING APPROVAL

4 ,
/ ya

YA
QCATZ/;??—DAIELA




CARVER CORPORATION
SERVICE BULLETIN

Service Bulletin # M-1,5t-2 Model; M-1.5t Serial Nos. Al

REASON: Part is no longer available. Date: 1/20/92

DELETE ADD

Qty 2 Capacitor, Dual 22004F/50V/80V  (C13,14) |Qty 1 Capacitar Card Assy (CCA)  (C13,14,22,23)
205-00028-00 602-00500-01

PROCEDURE

The dual capacitors used for C13 and C14 (P/N 205-00028-00) on the power supply board in the
Carver M-1.5 power amplifier are no longer available.

If replacement of C13/C14 becomes necessary, we are providing a substitute part (Capacitor Card
As:rcg.lbly P/N 602-00500-01) which is pin-for-pin compatible with C13 and C14 on the power supply
bo

To install the Capacitor Card Assembly:

1. Remove 2 screws from the bottom of the chassis securing the capacitor bracket located on top of
C13 and C14.

2.  Unsolder C13 and C14 from the power supply board.
Note: There are 8 pins per capacitor; 4 electrical connections and 4 connections for mechanical

support.
3.  Remove C13 and C14 from the power supply board and from the capacitor bracket.

4.  Install the Capacitor Card Assembly so that the angled corner of the Card aligns with
the angled corner on the power supply board (see illustration below). Solder into place.

5.  Reinstall the 2 screws to secure the capacitor bracket in place.

POWER SUPPLY BOARD

£ 235

CAPACITOR CARD ASSEMBLY

Service Approval % Enginegering Approv.
5 : 7 )-3392,
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