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2401 SERVICE MANUAL
INTRODUCTION

This manual provides all technical information required for the 2401 Power
Amplifier. Sections 2 and 3 are intended as the basis of the service

guide for this product. Any questions or addendums should be referred
to the SAE Engineering or Technical Services Departments.

SECTION 1-CIRCUIT DESCRIPTION
SECTION 2-SERVICE INFORMATION
SECTION 3-SCHEMATICS

SECTION 4~BOARD VIEWS

SECTION 5-PARTS LIST
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2401 CIRCUIT DESCRIPTION

GENERAL DESCRIPTION

The 2401 Power Amplifier is a true fully complementary symmetric
audio power amplifier employing high current output stages. The amp-
lifier utilizes both wide and restricted frequency input optiomns,
modular construction, and independent power supply rectification and

filtering for each channel. Protection is provided for overload on
either the input or output as well as DC output and turnm on and off

isolation via a high current relay. The 2401 is a convection cooled
heat sink system employing the SAE Turbo-flow system.

GAIN MODULE

The Gain Module provides all the voltage gain and drive for the
amplification stage. Input signal is coupled to the amplifier via
J1. Capacitor Cl restricts the low end input with a 6dB per octave
passive filter set at a roll-off point of 21Hz. R3 and C36 limit
the high end response with a 6dB per octave roll-off at 800kHz.
Capacitors C2 and C3 couple the input signal to the input differen-
tial transistors Ql and Q2 whose A side bases are blased via resistors
R4 and R6. The emitter of Q1 and Q2 are current sourced through R/
and R8 from the floating constant voltage source made up of RY and
R11, 51 volt zener CR3 and filter C4. Transistors Q3 and Q4 shift
the audio signal's DC component to correctly bias the emitter follow-
ers Q5 and Q6. Q5 and Q6 then provide low impedance drive to the

final gain stage devices Q7 and Q8 which are coupled to the output

stage at pins 3,4,and 11,12,
Two feedback paths are provided from the output board to Q1 and

Q2. The DC path is 100% feedback via R1l4 and R15 with DC blocking
provided by C7 and C8. The AC gain setting feedback is via the re-
sistor divider network R5 and R65 coupled to the bases of Ql and Q2
inverting inputs through C7 and C8. The Gain Medule provides 3 pro-
tection methods to handle a variety of input and output conditions.
First diodes CRl and CR2 provide input overload protection by pre-

venting the inverting and non-inverting inputs from getting more
than .6 volts apart at any time. Secondly, diodes CR4 and CR5 - pre-

vent reverse bias of Q7 and Q8 when the output is shorted. Finally,
transistors Q9 and Q10 through their respective networks of CR6,

CR8, R21, R22, R23, Cl5, and Cl7 along with CR7, CR9, R25, R26, 327,
C18 and Cl16 will clamp the drive to the output stage when excessive

current passes through the output transistors. In this process the
voltage appearing across R35 and R46 will cause clamping of the
positive or negative waveform respectively.



QUTPUT MODULE

The Output Module contains the driver and output devices along with the
thermal tracking bias network, output network and reverse inductive spike
protection.

Transistors Ql1 and Q12 provide low impedance drive to the output
transistors Ql3 and Q24 respectively. The constant voltage bias network
of Q25, R30, R32, C21 and C36 provide thermal tracking bias for the out-
put stage and is adjusted via R31. Diodes CR14 and CR15 clamp the out-
put to the power supply when an excessive inductive spike voltage appears
on the output. The Zobell network of L1, R58, R59, and C24 provides
feedback stability into capacitive loads at high frequencies.

RELAY PROTECTION MODULE

Output from the Output Module is passed through the Relay Protection
Module to the output jacks on the back of the amplifier. The relays
Kl and K2 are passed by C33 and C34 to eliminate high frequency contact
distortion. Transistors Q25, Q26, Q27 and Q28 form a positive and
negative comparator whose input filter C27, €28, C30 , R60 is coupled to
the two inputs via R65 and R66. This filter eliminates all AC signals
from the sense line and opens Kl and K2 when DC is present on the out-
put. R63 and C31 provide delay for turn on as a back up to DC sensing to
eliminate turn on thumps.

POWER SUPPLY

The primary side of the power supply employs Sl and SZ thermal
switches which are attached to the Output Modules to provide over temp-
erature shut down. Separate rectification bridges BR1 and BRZ along
with respective capacitors C36, C37, C38 and C39 constitute isolated
power supplies for CHA and CHB. An isolated power supply (CR12, CR13 and
C35) for the LED display is powered from the power transformer Tl and
physically located on the upper forward end of the chamnel A Output
Module.

DISPLAY MODULE

The Display Module consists of 14 comparators for each channel
in a ladder array. Resistors R83 and R96 provide stepped reference
voltage established by diodes CR32 through CR37. The input signal is
rectified and filtered by CR31 with R80, R97, C41 and C43. R30 and RI113

set the scaling for the display.

2401 POWER AMPLIFIER SPECIFICATIONS
(As per IHF Standard Methods of Measurement)
(-~1979-)
(Both channels .driven)
1. CONTINUOUS AVERAGE POWER OUTPUT (C.A.P.O. is the minimum power
available over the rated frequency range of 20Hz to 20kHz at less than
a specified distortion level IHF 3.1).

LOAD C.A.P.O. ' DISTORTION
8 Ohms 250 0.025 THD
4 Ohms 375 0.025 THD

2. DYNAMIC HEADROOM is the ratio between the Continuous Average Power
Output and the maximum power output befere clipping (about 3% THD) at
a frequency of 1KHz and is 1dB (IHF 3.2.3.).




3 FREQUENCY RESPONSE is the change in output vs. the change in
frequency with a 1KHz frequency used as an "0" dB reference point

and is the rated frequency range noted in Specification 1. (IHF 3.13.1).
+0, -0.5dB, 20Hz to 20KHz for 250 watts onto 8 Ohms.
4.  SENSITIVITY is the input voltage level at 1KHz required to produce
an output of 1 watt into 8 Ohms (2.83 V.R.M.S.) which is 0.15 Volts
R.M.S for a unit gain of 25.5dB (IHF 3.7).
s 8 "A" WEIGHTED SIGNAL TO NOISE RATIO is the ratio between a 1 watt
into 8 Ohms (2.83 Volts R.M.S.) output and the output available with
the input shorted with a 1 K~Ohms resistor when weighted with a standard "A"
type filter and is 110dB (IHF 3.12.2.).
6. OUTPUT IMPEDANCE is the highest output impedance value over the
rated frequency response range of 20Hz to 20KHz. The output impedance
is measured as follows:
Output Impedance = E (switch open) -1

E (switch closed)
The greatest output impedance is 0.12 Ohms at 20KHz (IHF 3.10.5).
7. WIDE BAND DAMPING FACTOR is the ratio between a 8 Ohm load impedance
and the rated Output Impedance and is 66.6 at 20KHz (IHF 3.11.1.).
8. LOW FREQUENCY DAMPING FACTOR is the ratio of an 8 Ohm load impedance
and the 50Hz output impedance of 0.114 Ohms and is 70 (IHF 3.11.2.).
9. FILTER CUTOFF FREQUENCY is the 3dB down points of the user adjustable
filter and is 20Hz for the high pass (low end cutoff). (IHF 3.13.2.2.1.).
10. FILTER SLOPE is the filter slope rate beyond the 3dB down points
of specification 9 and is 6dB per octave for the high pass (low-end roll-
off) (IHF 3.13.2.2.2.).
11. CROSS TALK is the ratio of the worst cross channel leakage over
a range of 100Hz to 10KHz and is 72dB at 10KHz (IHF 3.14.1.).
12. S.M.P.T.E. INTERMODULATION DISTORTION is the distortion resulting
from the amplification of a signal consisting of a 4 to 1 mixture of
60Hz and 7KHz and is 0.025% for an output of 250 watts into an 8 Ohm
load (IHF 1.18 and 3.15.4.).

13. TRANSIENT OVERLOAD RECOVERY TIME is the time required for the ampli-

fier to recover from a 10dB overload of a 1KHz signal for 20 msec and is
1.5 micro—-seconds (IHF 3.18.).

SECTION 2
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CONTENTS

Equipment and Set up for service
Trouble Shooting without opening the unit

Disassembly
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SECTION 2 . EQUTPMENT AND SET UP

A- GENERAL CONSIDERATIONS

The entire "0l1" Series of SAE amplifiers has' the_characteristies
of both low distortion and wide band-width. These qualities require
the use of precision test equipment and good comnections. SHOULD EITHER

OF THESE CONDITIONS NOT BE MET, SERVICE SHOULD NOT BE ATTEMPTED.




The most practical path to servicing these products is outlined in
this manual. The technician is advised to read this manual and the appro-
priate section before attempting to service the unit.

B—- EQUIPMENT

Servicing the "0l" Series will require the following equipment. We
have included recommended manufacturers and models for each where appro-

priate.
1. Distortion Meter - Accurate to 0.002% Total Harmonic Distortion

(residual) with an input capability to 100 Volts R.M.S. and a frequency
range of 10Hz to 100KHz (Sound Tech 170lA and Hewlett Packard 339A).

2. Audio Generator - Less than 0.002%Z residual Total Harmonic
Distortion from 20Hz to 20KHz and a 3 volt R.M.S. output capability (incl-
uded in the Sound Tech 1701A and Hewlett Packard 330A).

3. Ocilliscope — 30 millivolt vertical sensitivity, trigged sweep,
and 10MHz bandwidth.

4. - Volt Meter — Greater than 20K Ohm per volt input impedance
with a sensitivity of at least 2 millivolts for both AC and DC. AC
frequency response of at least 200KHz. (included in Sound Tech 170l1A and

Hewlett Packard 339A).
5. Load - A two channel system of 8 Ohm non-inductive, resistive

loads capable of dissipating 250 watts each.” This load should be inter-
faced to the amplifier with at least #14 wire and terminated with stan-
dard MDP (dual banana) connectors.

6. Tools -~ Screwdriver — Phillips #2 (preferably pneumatic or
electric): Soldering Iron (35-70 watt), Solder wick or sucker, Diagonal

cutters, Pliers.
7. Line Controller — O to 120 Volt, 25 amp, variable auto transfor-

mer (variac) (All IHF performance specifications require a 120 Volt
power line source) (Staco, General Radio, General Electric, Superior
Electric, etc.)

C - SET UP
Performance testing of the "01'" Series will require FIRST CLASS

grounding and load connections. Secure all test equipment grounds as

well as the amplifier output grounds through a heavy (#12) buss. Take the
test output from the amplifier at the dual banana (MDP) connection on the
amplifier, not from the load. (See Diagram I A&B)




TROUBLE SHOOTING WITHOUT OPENING THE UNIT

With all due respect to the customer, many amplifier problems are
the result of "operator error'. Any amplifier should be powered up
without opening the unit for an initial examination. We suggest the

following:
1) Check the fuse - replace it if needed. Fuse failure can occur

from other than amplifier failure. It is not unrealistic to assume
that it may be a defective fuse and nothing else.

2) With the fuse operational, place a 100 watt light bulb in the
power line (in series) and slowly bring up the line voltage to the
amplifier without load or input. Upon power-up the bulb will glow
brightly and then;

A - It may continue to glow brightly — this means something is

shorted and the unit will have to be opened.

B - It may dim to a dull glow - This indicates that no short exists

in the power supply and that most likely the outputs are O.K.
The bright period was due to inrush current charging the capa-
citors. Within 15 seconds of the lamp dulling a distinct re-
lay click should be heaxrd. This closure of the speaker relay
indicated that all DC conditions in the amplifier are alright.

Failure of this relay closure means either DC offset beyond
the normal level or possibly oscillation.

DISASSEMBLY
Disassembly of the 2401 is as follows - use a pneu-
matic or electric #2 Phillips screwdriver and:
1. Remove the 16 screws from end panel on the side of

the amplifier suspected as defective. Full access to the
power supply can be obtained via either end bell. Each
bell has:
2 top screws, 2 bottom screws, 3 rear screws and
9 end screws

. Remove the 2 top screws and 2 upper rear screws of
the end bell that remains on the unit.
L Remove all 22 screws on the top cover and slide the

cover to the gide and remove.
REMOVING THE GAIN MODULE

l1 - Using a #2 Phillips screwdriver, remove the screws around
the input sockets on the channel to be serviced.
2 - Unsolder the ground wire from the Gain Module to its

termination at the chassis ground lug next to the input
sockets.

3 - Work the board off the pins by shallow rocking and pull-
ing of the board to the open side.
4 - Lift the board vertically, tilt the top to the rear of

the amplifier and pull free.
REMOVING THE POWER MODULE

After removing the Gain Module.
1 - Place the unit on its side with the Power Module to
be removed facing up.
2 - Remove the 6 Phillips screws securing the Power Module
to the bottom of the chassis.
3 - Lay the amplifier back down on its bottom.
4 - Apply a steady gentle pull to the rear portion of the
heat sink in an outward direction. It may be necessary to




gently rock the sink as you pull on it. As you pull it free
note the red and grey leads scldered to the main board. These
leads are long enough to allow service to the module without

being unsoldered.
REMOVING THE POWER AND RELAY MODULE
In the rare case of the need to remove the Power Supply
and Relay Module do the following:
1. Remove both end bells and the top of the amplifier.
2. Remove both Gain Modules.

. Remove both Output Modules.

Remove the exposed nut on the output jacks.
Remove the 2 #10 machine screws securing the bridge
rectifiers.

6. Remove the 4 #6 screws securing the Copper ground
plate from the bottom of the amplifier.

REMOVING THE DISPLAY MODULE

1. Remove an end bell and the top of the chassis.

2. Remove the 3 forward most Phillips screws from the
remaining end bell.

3. Remove the 3 Phillips screws along the forward most
edge of the bottom of the amplifier.

4., Remove the 2 Phillips screws from the display board
at the end with all the wire connections.

5. Remove the single Phillips screw from the display
board at the end displaying maximum power.

REMOVING THE POWER SWITCH

1. Remove the front plate with display as noted in '"'re-
moving the Display Module'" steps 1 to 3.

2. Remove the 1/8" Allen head screws afixing the handles
to the face plate and overlay from the sub-chassis
side.

REMOVING AN OUTPUT TRANSISTOR

1. Once the defective output transistor has been located
remove the two Phillips screws from the cover over it.

2. Remove the 2 Phillips screws from the output trans-

istor and use either the SAE transistor extractor

tool or long nose pliers to reach down into the Turbo-
Flow heat sink and pull the transistor free. Do not
use a screwdriver to pry the tramnsistor loose - this
will scar the heat sink and insulator.

3. Be careful to clean the power tramnsistor pad and re-
coat with thermal transfer compound. Watch out for
metal chips, dust or debris when replacing the device.

D - BIAS AND OTHER ADJUSTMENTS
The 2401 employs 2 bias networks, one fixed and the other

variable.
l1. Fixed bias - The quiescent current through the final volt-

age gain stage Q7 and Q8 is biased via a factory selected
Registor R16. This resister is chosen to cause a DC voltage
drop of 900 mv across R18 or R20. This will yield a quiescent
current of 14ma through Q7 and Q8. This resistor will not

need an alteration under most repair situations. If any of
Ql through Q8 are replaced the voltage drop across R1l8 or R20

should be checked to be within 20Z of 900 mv.
2. Variable Output Bias - Once all service has been performed

on the 2401 and the amplifier module has been re-installed in
the unit the following technique should be emploved to set the
final output bias.

W W
L




A - Set up the unit for distortion measurement.

B - Pre—-heat the unit to a warm state by running at
40% power (25 volts into 8 Ohms) at 20KHz for
4 to 5 minutes.

3. Reduce power level to 1 watt (2.83 volts across an 8 Ohm
load) at 20KHz.

4. Set bias control located on the component side of the
output module next to the plug-in to the Gain Module to
yield no less than 0.02%7 THD. This typically will cause a
l.5mv drop across any output emitter resistor (R25, R26,
R27, or R28) and indicates an idle current of 4ma per out-
put,

5. Remove signal and let unit idle. The temperature of the
heat sink should drop and be just perceptably warm or at
room temperature. Failure to achieve this state would in-
dicate:

A - Bias too high - Strong possibility that non-linear
drivers or outputs require too much bias -~ check
low signal gain of driver or output with curve-
tracer or by substitution.

B - The amplifier is still processing signal or oscil-
lating at a very high frequency. Attach oscilli-
scope to the emitter of any output transistor
rather than the amplifier output., The Zobell net-
work will mask an internal oscillation so the out-
put examination should be before the network.

TROUBLE SHOOTING NOTES
The Output Tramnsistors - Here is a way of assessing the state
of the Output Module that is rather straight forward and is
greatly expedited by using a light bulb in series with the
power line. It goes like this:

l.Remove the Gain Module of the channel in question.

2.Remove the Output Module and tilt the Module card up.

The power leads are still attached.
3.With a jumper with clips, jump ground (18) pin on
the OQutput Module to a ground point such as the
Copper Power Supply Bracket.

4.Power up the amplifier with a 100 watt light bulb in
series in the power line. If there is a shorted Out-
put or driver the lamp will glow brightly.

5.1If it glows, proceed as follows:

A-Measure the voltage between pin 1 and pin 3.
This is the C-B voltage of the positive driver.
If it is within 1 volt of the rail (B+) voltage
it is most likely shorted and in need of replace-
ment. The same applies for pin 13 and pin 11 on
the negative half.

B-Once the drivers are known to be good, measure
the drop across the emitter resistor R35 through
R56. Replace any transistor that 1s leaking or
is shorted. Once all shorted driver or output
transistors have been replaced, the lamp in the
power line will dim and the rails (B+ and B-)
will come up in voltage, Turn off the unit and
jump the output capacitors with a 100 Ohm, 10
watt resistor for a few seconds to dump the rail

V01t3g35|
C~Now plug the Output Module back into the power




supply and Relay Module. After turn on, the
bulb should dim and power should be shut off
and the rail voltages dumped. If the bulb re-
mains on, repeat steps 5a and 5b.

THE GAIN MODULE

Attach the Gain Module to the unit, and with the lamp
still in series with the power line, power up the unit. If
the lamp dims, then remove the lamp with reasonable as-
surance the amplifier is DC stable. Test audio performance
and continue from there.

If the lamp glows there is probably a short in a driver,
level shifter or differential pair. It is also possible
that the amplifier is oscillating. In either event, the
test is a scope probe to an output emitter resistor. A DC
offset to one rail would indicate which side is shorted. An
open transistor will probably DC stabilize but may not pass
signal. Oscillation will be obvious.

Should any guestions arise, call the SAE Customer
Service Department, (213) 489-7600.

CLIPPING
Clipping in the 2401 is symmetric and as such, a diag-

nostic tool. Asymmetric clipping, especially at high Ifreq-
uencies indicates a loss of gain and ft in one side of the
amplifier. Try a 4 Ohm load. An increase 1in asymmetry
would imply an open or low gain output. If the asymmetry 18
similar, the problem may be in the Gain Module.

DISTORTION
Examine the monitor output of youxr distortion set.

What vou see is the difference between the input and output
scaled to each other. Superimpose the output over this
trace and the non-linearity of the positive and negative

halves of the amplifier may be observed. Consider this a
picture of what the symmetric amplifiers are doing.

RELAY

The relay will close only when a successful DC power up
is accomplished. Listen for the sound of the relay closing
as a clue to internal DC conditions. Off-set greater than

600 mv will cause the relay to open.

TROUBLE SHOOTING

PROBLEM CHECK

General A. Check all resistors for pos-
sible burnt or overheated condi-
tion which may have already al-
tered the wvalve. Examine elec-
trolytics for bulges or shape
damage. View the board with an
eve for variations in color onmn
both sides. Watch for solder
errors and connector integrity.



TROUBLE SHOOTING, CONT'.

PROBLEM

Protection Relay
Cycles on and off

CHECK

———

No delay at output

~ Relay fails to close

A. Check for shorted relay contacts.

means a failure in the relay circuit.

A. Check at output emitter resistors
for ocillation.

B. Check for DC offset at output
transistors.

C. Check Relay Circuilt

B. Check relay circuit

Check for offset at output. Check
for shorted or open outputs or
drivers. O volts at output emitters

Excess Heat

— —_— — ——r——

Asymmetric Clipping

———

A. Bias too high
B, Oscillation - Scope probe to out-
put emitters., ) -
Opéﬁ coutput transistor or Gpéh out—
put emitter resistor on orror side,
(+ for_EPN'a,_— for PHP'S).r

R S

Asymmetric Slewing
or distortion

Ql or Q2

— -— - ——— ——

=

High distortion

Bias through Ql and Q2 (2.3ma) or
Q7 and Q8 (14 ma)

el s A

Intermittant
output

Check relay, check board interconnects
and check input connector.

Full DC at
outputs

Both the relay circuit and the out-
put have failed.



FLOW CHART FOR AMPLIFIER EXAMINATION

OBSERVE Power to amplifier
with light bulb 1in
line.
WATCH BULB ————== BULB gloWwS ~—————= Short in amplifier
open unit up®
glows then

dulls

LISTEN FOR RELAY == RELAY fails to =—————a=DC on output or
(dA0K D-10 &l close oscillation, open

unit up®
closes
gttach load
WATCH BULB =———eee——~=BULB glows without ——Short-------=-------

bulb remains =
dim )
apply low level input

signal

WATCH BULB =—————————= BULB remains dim as —wAmplifier 1s DC OK
input 1s 1n- AC not amplified
creased open unit up®

blub glows with increased
input

Fail specs-

USE TEST ~—————————y REMOVE BULB
open unit up?*

EQUIPMENT PERFORMANCE TEST UNIT

meets specs - return
to customer

*Proceed to appropriate manual section.



RECOMMENDED TEST SET-UP

THD DIAGRAM

TOTAL HARMONIC DISTORTION
INTERMODULATION DISTORTION Atténuator

B

In + - —_— o+ In
- W (U w &=
R R | Output | L L
H L |
5 - AMP

a— -~

DIAGRAM 1-A TYPICAL SET-UP

Light bulb should equal one channel’s
power of the amplifier under test.

. é
Variac

DIAGRAM 1-B MAIN POWER SET-UP
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