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PART I: FRAME OF MIND

Some people become afraid when a 3700 amplifier refuses to work
properly. Other pecple become angry. Neither of these zttitudes solves
the problem with the amplifier. People who are afraid hesitate to
look very far for the problem; people who are angry are likely to in-
crease the damage by ignoring standards of reasonable care in their
repair efforts, and in extreme cases will even throw things around.
(This last problem occurs infrequently with DC-300's: they are too
heavy to be thrown very often or very far.)

Both fear and anger in this case result from too little know-
ledgé. Anything that is not understood is to be feared or beaten.
Ordinarily this lack of knowledge only causes mild cases of agitation
and inconvenience, but a large amount cof money invested (3700) can
magnify slight cases of upset into rampaging attacks. Enough informa-
tion in an available form will go miles and miles towards a peaceatle
and effective service operation. No one knows how far this manusal
will go in that direction.

It seemc reasonable to believe that a large and expensive ampli-
fier should have huge, mind-boggling troubles, net to be compared
with those encountered by, say, a six-transistor radio, or an electric
toothbrush. Therefore, when DC-300 amplifiers have problems, those
problems must range from very bad to terrible. Intuition fails
because most DC-3CO troubles can be traced and eliminated with a
very reasonable supply of knowledge and time. (Thne equipnent rieceded
to do this properly is a different bag of pretzels; more will be said
about this later on.)

So relax. De not be afraid. Do not be angry. And try to avoid

going tc sleep while reading the rest of this manual.



PART TI: FAMILIARITY

Almost anyone who locks often enough at the insides of DC-300's
will begin to feel reasonably confident servicing them. Familiarity,
sooner or later, should breed confidence. This manual, sooner or
later, should breed familiarity. Ideally it will produce a working
acguaintance with both the electronic operation and the physical lay-
out of the DC-300. Probably the single most helpful accomplishment in
this process is the ability to match the schematic diagram with the
actual circuit components. The amplifier is complicated enough to be

puzzling until this is done, bui once this familiarity is established,
it becomes much easier to trunslate suspected problems into checkout
procedures. The instruction manual for the amplifier is worth reading
thoroughly. Knowing how and why the DC-300 is supposed to operate,

and the kind of treatment it wants, will contribute mezsurably to

understanding the problems which it may encounter.



PART ITT: ECUIEZHELT

It has been hinted above that the equipment needs for zervicing
DC-200's are considerable. It was a pretty good hint, as the listirgs
below will demorstrate. Derpending upan how much equipment the service
shop already rzs availadle, the process of obtaininz the rest lies
someplace btetween a major and minor hassle. Some of the test gear
which is difficult or impossible to obtain commercially will be s2ld in
limited supply by CRCWH.

There is a loophole in these equipment needs, however. A good
percentage of problems in the past have fallen into a single area,
and can be handled with a smaller supply of equipment. But (herein
liez the rub) factory specs cannot be guaranteec after repair withcut
a checkout involving the full range of equipment specified belov.
(This is the major reason why most service work has been done zt the
factory until this peint.)} Host of the actual troubleshooting, as
will become clear later on, can be done with an oscilloscope, an
ohmmeter, a volimeter, and a signal generator. Generslly the btest
service procedure reguires going as far as possible (depending on
the equipment available) alcng the steps described in the se-tion on
service technigues. Any vroblems which cannot be solved should then

be referred to the factory.



EQUIPHMZIT LIST

Equipment

Reguirements

Uses

fuggested Model & Price

Oseillocsope

Capable of dis-
playing a 10
negahertz signal

lionitoring cut-
put during
Eervice and test-
ing of amplifier

Telequipment S34A
($450)

VoM

L.ow-voltage
resistance

probe (100mv
Fange) Higner
yoltage resis—
Lance probe
(1.5 volt range)

Checls resistance
raly=s (low-volt-
bge probe} check
emiconductor
functions for
bpens or shorts
(higher-voltage
probe) Check DC
bperating volt-
hres of amplifier

iriplett 601 i(includes
both voltages needed)
(§160)

Signal
Generator

Bine/square wave
bvailable:Flat
frequency re-
Eponce

brovide test sig-
hals for service
end checkout

including 10KHZ
k-, and 20KHZsine

wavetex 120 series

($200;

Wattmeter

Read with rea-
bonable accuracy
pt 20W without
rutting into
voltage at high
b ower levels.

heck power con-
Eurption of amp

Simpson 390 (panel
meter-1379)

Power suppl;

+60volts avail-
pblejcurrent
limits to 125ma;
meters reason-
hbly accurate

bt S50ma

Preliiminary check
but of fuse-blow~-
ing amnlifiers--
Lo prevent de-
struction of more
parts

-Lambda LPD 423 Fil

(8325)

Circuit
Breaker

i Samp rating

in the AC line tc
the DC-3C0--pro-
tect other cir-
cuitry from over-
load 1f power
Eupply has
Ehorted

AC Line
Monitor

Peak reading
meter

onitor line
oltage for
mplifier test-

L.

Availsble from CROWN
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Equiprent Zequirements Usos wuTmected Nocel D Srice
Variac Reep lire volt- | Zuperior rfowerstat 1163
age at 120v (3435
during tests. or eauivalent
AC Veolt- 10Cmv low range Set output lev- Hewlett-Pacxkard 400F
meter el for testing (%300)
check noise lev-
els
Filter 20-Z0KHE bang- Between amp and | Availatle from CROW.
pass low- voltmeter in
noise noise test
Tnter- Cneck inter- Availaople from CHOW.
Modulation modulation (1595)
Distortion distortion
Analvzer from 150w-1%nw
Dummy Load 2-4-Z0nm; able Check amplifier | Availaole from CLOWV.

to dissipate
500 watts with-~
ocut strain; les:
than 10% reactive
component at any
frequency up to
five times the
highest test
frequency

(5 x 100KHZ=

S00KHZ )

nerformance un-
der load

AC-DC Calibrator:

Additional Useful Equipment

with only periodic checks (every & months).

The meters recommended should stay in calibration

But if this quality

equipment is unavailable, and lower quality test instruments are used,

the instruments should be checked frequently (whenever significant

measurements have to be made) for calibration.

is no cheap or easy way to do this.
The Hewlett-Packard 65203, for instance, costs a cool

expensive,

700 clams.

purchasing

Unfortunately, there

A good AC-DC Calitrator is

The desired result, then, can be obtained either oy

expernsive equipment that can be calibrated and trusted to

stay in calibration over a period of tims2, or by purchasing an

expensive calibrator to make pcssible the frzquent calibration




necessary on less depsndable equipment. The overall point is that is
is important to know the accuracy and dependability of test measure-
ments, so that the performance of the amplifier can be accurately

evaluated.

Curve Tracer/Trazsistor Checker: Sometimes it becomes important in

servicing electronic equipment to evaluate individual semiconductor
performance. This may help determine reasons for particular kinds

of failure, anc¢ may as well be helpful in selecting replacement com-
penents for damaged parts. Ideally, & curve tracer such as the
Tektronics 576 should be obtained, but the cost of this instrument

is $2250. 1If something like a Tekironics 561 scope is available, a
plug-in unit can perform this function--at a modest cost of 500 bills.
All of this, while potentially valuable {obviously for more than just
CROWN servicing), is also clearly expensive. A less expensive route
would be an investment in a transistor checker. This kind of equip-
ment can provide much useful information and szave much useful monev.
Heathkit produces one of the best of these for arornd £60. SECO,
Sencore and B & K also produce models. The use of this equipment
represents a refinement of service technique that may or may not

be worthwhile, depending on the amount and kinds of service performed

by the individual shop.
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PART IV: BLOOD SWEAT AND THE
SMELL OF BURNT PARTS

A. Tllustrations Explained

A collecticn of illustrations, diagrams, and lists at the end
of this manual serves first to locate and identify individual parts.
The circuit layouts and chassis pictures { fig. 1-9 ) show the
positions of the components along with their identifying numbers.

The schematic diagram ( fig. 10 ) describes the circuit
electronically, and shows the identifying numters corresponding to
those on the circuit layouts and pictures. Also includeé on the
schematic are the normal quiescent DC voltages for the circuit,
which can be used as a checkout standard for defective amplifiers.
Significant changes in the circuit board have zlso been included,
along with some wire color coding and indications of signal and
feedback paths.

The diagram of the test set-up { fig. 11 ) shows the
general array of equipment needed for complete service and checkdut,
with the connections between the pieces of equipment. Variations
in thc¢ selection of equipment have been discussed above. A checkout
sheet showing typical results of a factory test is also included.

The parts list (appen. B ) makes the process of obtaining
replacement parts fzirly easy. Indexed according to the identi-
fying numbers on the schematic and layout illustrations, the list
gives CROWN part numbers for easy replacement of parts.

The final list includes the various major changes {(appen C )
that have been msde in fabrication and parts since the introduction
of the amplifier. It should explain why all parts ars not necessarily
identical in different units. The charges are listed by component
numbers, and show the amplifier serial numbers involved. Thanges
besides these may be attributed to: (1) Factory errors which do nat
happen very often according to our service records, and which we viigh

dida't happen at all; (2} Customer modifi=ation and repair efforts
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involvingunusual imagination as well as unusual ccmponents; (3)

Germlins (not to be confused with the kind you drive; these gremlins

are impossible to describe and are absolutely unpredictable,)
Besides the illustrations mentioned above, various others Lave

been included with the related materizl in the text.
B. General Service Procedure

Fundamentally we are loocking for an abnormal situation. VWhen a
problem has been observed, it is obvious that something is nst doing
what it is expected to do. OUne part or several parts may be doing the
bad work, by shorting, opening up, burning up, leaking, exploding, or
just finking out, but the point is that something is happening abnor-
maliy and we want to source of the abnormality. The most efficient
general method of finding the source involves a comparison between
the normal operating parameters (such as voltages) of the amplifier
and the abtnormel measurements of the defective amplifier. This
reemphasizes the need for familiarity with the amplifier and its
normal operation.

This sounds on the surface like a reasonably easy way to find
problem sources., Under the surface it may turn into a can of worms.
The trouble is that in most situations one bad part will cause
abnormal performance by other components. A sherted transistor will
wreck the balance of the whole amplifier; an oscillation coming from
a bad transistor junction will propagate through th: entire circuit.
So we have to distinguish between parts that are actually causing
problems, and parts that are only responding to abnormal conditions.
This can become fairly involved; the manual hopes to keep the
involvement orderly.

Patience iz worth seven dollars a minute.
C. Checkout and Repair
The service process divides into three areas within the time

a defective unit spendc on the service bhench:

(1) The protlem must be identified or discoversd--this may be obvious,



or may be complicated by a lack of information about the defect.

(2) The source of the problem must be discovered--this can be any-
where from very easy tc very frustrating.

(3) Repair work must be done to eliminate the problem--usually this

is obvious when step 2 is completed.

The following notes are likely to be useful at any peint from

here on in the service preocedures:
HOTE ON DISASSEMBLY AND REASSEMBLY

Taking the DC-300 apart is not hard at all--but one recommendation is
in order; the front penel should be compietely removed from the unit
and put in a safe spot until it is replaced on the unit. Any'kind of
tocol steel or other hard metal can scratch the face of the aluminum

panel and it is best to handle it carefully.

The extrusion fitting over the lower edge of the front panel comes
off first, by removing three screws on the bottom front of the unit.
Before the panel is removed it makes sense to unplug the amp to avoid
accidents. The level controls should be disengaged from the panel.
The knobs can be loosened with a hex driver or an allen wrench and the
pot loosened with a nut-driver. It is pessible to work with the

pots still mounted on the loosened panel, in which case the panel

is connzcted to the chassis only by the input level cables. But

this procedure can result in broken input wiring and panel scratches,
and it makes the unit generally inconvenient to move. With the level
pots loosened (do not allow them to drop inside the amplifier) the
panel can be remocved by taking out the four mounting screws. The

cap on the on-off switch should just 1ift off when the panel is re-

moved.

The means of removing the circuit boards and fuse panel are obvious.
Two sheet metal serews mount each main board to its heat sink, and two
screws mount the fuse panel to the bottom of the chassis. Whenever
the circuit board- zre lcosened and the unit is to be powered, use
some sort of insulation (like a folded cloth) under the board to be

sure 1t cannct be shorted to the chassis.



In reassembly, be careful to line up the tabs on the level control
pots as well as possible with the small holes in the panel. Continue
to be careful with t-e panel. {The screwdriver used o mount the panel
will probably try to jump out of its slot and skirp across the panel--
watch for this., Maxe sure the lens cap on the indicator light fits
over the indicator bulb and does not crush the bualb or bend it out

of the way.
NOTE ON VISUAL INSPECTION

Detailed visual inspection is worth deing for almost all problems.
Wires soldered well enough to pass the original factory checkout may
later work loose and cause difficulties. Suspicious wires should be
pulled gently to make sure they are securely fastened. Transistor
leads in particular and all component leads in general can suffer
the same problem of loosening, causing oscillation, noises and DC
imbalance. A visual check may also reveal parts which have been
badly damaged by heat or high power and at least part of the service
problem will become immediately apparent. It is probably understood
already that any wire or lead which chooses to come loose will do =0
in the darkest and most inaccessable corner of the amplifier.

{Murphy's Law)
1. Establishing Problems

The complaints accompanying defective amplifiers may be less than
crystal clear and classic in their simplicity. They may in fact be
ambiguous and misleading. Furthefmore, it is not necessarily true
that every amplifier returned for service actually has something
wrong with it. Problems which arise from the systems in which the
amplifiers are used may be blamed on the amplifiers., First we went
to know exactly what, i* anything, the amplifier is doing wrong (this
is xnown as the CRCWIl Principle "Commence R:pair Only Yhen Hecessary")

It is usually much better to get the complaint(s) from the
customer's own parsonal mouth than it is to try comprenending his
written comnlaints. A first hand account of the problem can hely in:

(1) getting the problem to recur on the service tench, and (2) getting

10



an idea of the probable causes of the difficulty. GSome problems are

too much
aroma of
find, it

1)

2)

3)

&)

5)

to miss~--like blown fuses, shattered parts, and the lingering
turnt components, but in case tne problem is not so easy to
may be helpful to know:

Exactly what was the problem? FHow was it noticeable? which
channel(s) caused the trouble?

What are the details of the system in which the amplifier was
operating? Has the system been carelully checked for possible
problens outside the amplifier?

What kind of signal and load were involved? (This may indicate
a component failure under high voltages or current)

How long had the amplifier been in operation when the failure
occurred. \Vas it warmer than usual?

Did the problem occur once, or repeatedly? If it happened more

than once, were the circumstances the same for all occurances?

Depending on the type of problem, these questions may or may not prove

useful;

rance cf

they are designed to get a3 much information about the occur-

the problem as possible.

If the customer turns out te be uravailable or unhelpful znd the

problem is not obvicus:

1)
2)

L%Y ]
.

Begin the regular checkout as dfetziled below.

If the unit passes all the tests with no problems, open up the
unit end go thirough the visual inspection.

If the viegu=l inspection turns up no problems, apprly a signal
to the amplifier and begin checking the ecircuit voard com-
ponents by tzrping cn them gently, and by heating and cocling
them, Transistors and diodes zre most likely to cause probtlenms
under this test if ther have been causing problems before.
Precision resistors may also show up as bad. If none of

this seems to affect the cutput significantly, the last hope
is to use the amplifier rormally for awhile and see if tha

custonier's vroblen shows UD.

—

2. Findirg and Elininating Prohlen Sources

cction iz orgzniced on the bisis of the faciory checkeout

procadure, Tne common service problems appesr und:r the parts o) fhe



checkout procedure where they are likely to show up. An attempt has
been made to keep the details to a minimum and to cover the major
service problems adequately. {(Murphy's Law plainly says that no such
service manual exists--so that may have been far too much to dream
about.)

The notes that are casually strewn about the manuzl are not as
random as they seem. At least they are not supposed to be. The pur-
pose has been to add them at the pointswhere they would most likely

find application. And now here are two notes to begin the parade:

NOTE ON LOADING: The amplifier should not ordinarly be operated with
a load until it is performing properly unloaded. If there is some-
thing seriously wrong with the azmplifier, the load will only com-
pound problems by blowing fuses and perhaps damaging components by
drawing high current. {(The current limit suggested for the limited

supply will not azllow it to drive an eight ohm load.)

NOTE ON OHIMMETER TESTS: The equipment list specifies that two different
test voltages should be available on the ohmmeter {or two different
ohmmeters). Checking semiconductors can be done with the usual 1.5

volt probe. On the R X 1 scale, the rnormal forward breakdown

resistance for semiconductor junctions will usually fall in the

5-15 ohms range.

In cases where it is desirable to check components without for-
ward biasing any junctions (such as the checking resistor values with-
out removing them from the circuit), the low voltage probe should be
used (this will be in the range of 100mv.)

In any case, the effect of parallel resistance paths has to be
considered in deciding whether or not &z test reading is what should
be expected. The simplest procedure for establishing the proper
value for =ny reading is a comparison with the same reading under the
same conditions on a properly functiening channel. If only one chan-
nel in an amplifier is causing trouble. use the other channel for
comparison when taking resistance readirgsz. In case both channels

are bad, conpare the readings with those on the good amplifier.

12
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This comparison technique will become less and less necessary as more
units are serviced aud the normal resistance values become familiar.
Some of the usual values are included in the following service infor-
mation, but in order to avoid the barrage of numbers necessary to
cover all poussible measurements, the comparison method had been sug-
gested.

The approximate values for transistor resistance measurements
appear below. Large resistance means there will be little or no in-
dication on the R X 1 ohms scale. These values apply to a transistor
by itself outside the circuit. The base-emitter and base-collector
readings in a given transistor shculd maich within an ohm or two.

In an actual test the first lead in the listing below takes the posi-
tive meter probe for an WP transistor., For a PNP the first lead of
each palr takes the negative probe.

Base-emitter 5-15 ohms

Emitter-base Large

Base~collector  5-15 ohms

Collector-base large

Collector-emitter Large
Emitter-collector Large

Diodes should show about 5-15 ohms forward resistance and large reverse
resistance.

It is important as well to be familiar with the ohmmeter{s) being
usecd. All models do not operate with the same conventicns. Fer
example, some make the pesitivz lead common. others the negative. It
is obviously important to be aware of this when trying to decide
whether the forward or reverse resistance of a junction is being read.
Some meters also use a nine volt test voltage on high resistance
scales. This voltage can forward bias enough junctions in a solid
state circuit to cause avalanche confusion. So be sure the test

voltage is known for the scale used.

CHECKOUT PROCZDURE #1: TURN-CN

NOTE ON LINE VOLTAGE: Use the proper line voltage, which is the one
for which the transformer primary of the amplifier is connected. Thre
voltage should be measured throughout the testing with a peak reading

meter and adjusted to the RMS equivalent voltage (to commensate for

13



line voltage regulation errors during the course of the messurement).

A1l measurements should be taken at the power amplifier's plug. Vhen

testing the IHF rusic-power measurements, the line voltage is to be

set at 120V when the amplifier is connected to 117V, (IIF standards). ;
If the amp is connected otherwise, the equivalent test may be given by

applying 128 volts on 125V, 2LOV on 234V, or 256V nn 250V.

NOTE ON TEST EQUIPMENT GROUNDING: VWhenever possible avoid ground loops

in the test equipment caused by connecting the output ground to the

input ground. [ever connect the ground of the cable going to the load

back to the input ground.
Ground loops are especially obnoxious when measuring distortion.

An IM analyzer, for example, has its input and ouiput terminals tied !

te common ground. Such a test should use an ungrounded output re-

turn, with the output leac wrapped around the well-shielded and

grounded input cable. |
Plug in the amplifier (no load and no signal). Turn it on.

The line fuse ’center of fuse rack) and the indicator ligat should

stay whole and light up respectively. If these thirgs do not happen,

we are already losing.

CHECKOUT PRCCZDURE #l: TURH-O

Symptomy  rossiole Causes Service procequre

AC fuse wrong size fuse, Try another fuse, to make sure the first

blown wrong line volt- éid not blow due to problems outside the
age, etc. amplifier.
vinched wires in Go through a visual check of the power
pewer supply supply wiring (see pcwer supply

schematic at bottom of overall
schematic figz, 10; Also nictuzes fi- = |
A —————r——r - — i —

short in power Use ohmmeter to check power cord for hot-
cord or trans- to-ground short {(uith switch "on'" con-
former primary tacts of plug snould show about .32 ohm

resistance. This is the transf-ormer
primary resis*ance. It should not te

Zero)
niswiring of Check transformer primary wiring accord-
transformer ing to the color code on the schematic.

primary

14



Symotem Possible Causes Service Procedure

AC fuse Short in Use ohmmeter to check forward and re-
blown rectifier verse resistances of rectifier diodes
CR1, CRZ2, CR3, CR%Y4,

NOTE: Through unit numbers A1788 the
rectifier was composed of % vower diodes
press-fitted into aluminum bars, which
were in turn epoxied to a plate on the
top panel of the zmp. The arrangement
has been replaced by a one piece recti-
fier bricdge, mounted by a single screw
and using slide-on contacts. If a recti-
fier diode has failed in either case,
the handiest replzcement is one of the
new one-piece rectifiers {(order from
parts list along with 4 clips for the

leads)
short in capaci- Use ohmmeter to check resistance across
tors C2 or C3 capacitor terminals; since the rectifier

(very rare event) |{ diodes run across these terminals, the
resulting measurements should be large
in one direction and low in the other.

AC power |bulb leads un- Check 120 Volt supply board ( fig.R-9 )
okay but [soldered or R6 for unscldered bulb or resistor (R&)
irndicator junsoldered leads.
light does '
not come
on
Tl Defective Replace
Fr'se okay |switch failure Use ohmmeter to check making and break-
but no ing of switch contacts.
power Defective Check thermal switches with an chmmeter;
thermal switch normally they should show no resistance

across the contacts {they should cnly
open when heated).

CHECKOUT PROCEDURE #2: 1 KHZ SIGHNAL - NO LOAD

The AC power should be okay according to the fuse and indicator
light. Connect a signal generator set at 1 KHZ to the input. Begin
monitoring the output with an oscilloscope. Turn up each level control
and observe the output.

Biasing: This should be checked at this point or as socn as possible.

An offset voltare or oscillatiorn may change the level--so bias should be

14

checked after these problems have been solved, if they exist, [t 1



there are no major problems at this pcint (they should te visitle on
the scope if they are sround), the biasing sbould b= done immediately.

The front panel must be remcved for the check. Vith the amnli-
fier turned on btut no signal applied, measure the voltage across R123,
the 5.6 ohm resistor mounted on the corner of the circuit board be-
side the positive pre-driver. The voltage should be 0.3%25v + 0.015v.
The measurement snould be made tefore the amplifier -has warmed up-
immediately at turn-on, if possible. The gravh belsw demonstrates
the behavior of this voltage with time, in an amplifier carrying no
signal. The voltage begins to climb at turn-on, and, after peaking
gradually drops tack to the desired level. Unless the measuremen” is
made at turn-on, or after the amplifier is thorcughly warmed up, it
is likely to be misleading.

It should also be pointed out that after an amplifier has been
warmed up and then turned off, the bias appear low if it is turned on
again within 10 minutes. After an amp has been turned off, either
leave it off until it cools thoroughly, or else allow it to warm up
thorcughly =zgain btefore mezsuring the tias.

The bias level will not ordinarily need any adjustment unless
compenents wnich affect the level (such as the bias diodes or 1, §ill,
or Qllh)have to be replaced. Vhen a change is necessary, it is accomplished
by selecting the value of R125 in the string of bias diodes {(CR105-
CR108). Raising the value of X126 increases the base voltage on the
pre-driver stage of the amplifier, which turns the pre-driver on
rarder and increases the current through R122 (and R128 on the negative
side). I~ tlhe reverse of this process lswering the vaiue of R126
w11l lower the bias on the pre-driver and driver stagas. Below is a
short table which gives an idea cf the relationship between the size
or. F126 and the bizs level. Tor the sake of the illustration we
are assuming that R12C = 75 okms. All possitle values are not included
on the chart (in particular, larger resistances than 120 chms are

sometimes needed).
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Voltzge error from 225mv

Resistor size in ohms

+60 mv
+45
+25
+10

0
-10
-25
=35
-45

£l ohms
=6

62

68

75

82

91
100
120

If no output signal appears when the level control is turned up,

check the DC fuses and ccntinue in the procedure described below:

Svmpten Fossible Causes Jervice Procedure

Fuses in- [Thousands of teplace blown fuses and try again.
itially hings

blown

Fuses Putput transistors JARIING: Do not insert and blow IC
blow again Rhorted (§2,%3,.R%5 fuses repeatedly. Once is enough
(no load) k& e demonstrate that there ig a

NOTE: This problem
has occured more
frequently with
some types of out-
put transistors
thar with others.
In recent *ratches
the problem has
been lessened by a
more rigorous test-
ing of the tran-
Isistors before

they are used. As
time goes on. this
pbroblem should cc-
cur with decrzasing
irequency.

(NOTE: In this case
anc in those follow-
ing, something must
short in both posi-
tive and negative
output circuitry to
blow the fuses with
ho load., If only
one oubpit, driver,
cr cdiode shorts withk
o 1523, the

real live problem. VWhen fuses blow,
mcpentary voltsge surges may
reverse-bias electrolytic capacitors
106, C112, and C6 and eventually
Cestroy them. Units with shorted
pbutput transistors may have some

b these capszcitors already de-
stroyed by repeated attempts to

et the amp going again with

mcre ruses. '

CATERVAL SUPFLY: It is at tnis point
that the external surply should be used.
et the current limits vo 125ma and the
voltages to +CO volts.
to the amplifier {(the output ground post
is a convenient part) clip the +60 lead
to one of the mounting screws of the
positive driver transistor (Ql) and
clip the negative lead to the top
terminal on the terminal etrip (the

one with the blue negative suppiy lead
coldered to it.)

R

Db

The purpose ol the external supply is
to avoid blowing fuses and perhass

damaging parts (if a compoment shorts
and threatens to carry encuch currernt

2

Lpposite polarity

17

to burn up scmething else.) 77 an
:xternal suponly is net svailatle, check
the output circuitry caref lly Ifor

Ground the supdly



Symntom Possiole Cnuges service Procediurs

Fuses blow components will turn offj shorts (as descrived below) with
again {no locking excess current an ohmmeter, after doing repair
load) and leaving the amp with | work, to avoid doing more damage.

a plus or minus 60 volts
at the output., If a
load is connected which
shows a low DC resis-
tance, the current from
the 60 volts DC will
kill the fuses. In op-
eration, the surge
occcuring when one out-
put transistor shorts
under load may kill the
weaker of the two output
transistors of opposite
polarity. For this
reason, a damaged
channel will often show
one positive and one
negative output shorted.

Output transistors

shorted (42, §3, Q5, @6).

It would also be warthwhile to
substitute ¥ amp fusez for the
chzckout {without lnad) just
after extensive rerair werk. This
will cut dewn the current surge
in the event that something is
still shorted.

Turn off the amp and use an ohmmeter
to measure the resistance from the
+60 volt supplies to the output of
the amplifier (Measur~ from the con-
tacts of power resistor R4 to the
driver transistor mounting screws

fie A-S p Using the low voltage
resistance probes on the R ¥ 1
scale, the normal resictance snould
be too large to cause any indication
on the meter. .

WARNING: The circuit may still have
some charged capacitors which will
cause an initial indicaticn on the
ohmmeter. These should discharge
fairly quickly and allow the mster
to indicate a very large value, if
nothing is damaged.)

Shorted transistors (or a shorted
flyback diode) will give 2 very low
reading--from a few tenths of an
ohm to 2 few ohms.

To determine whether transistors or
diodes are at fault clip one lead of
the ohmmeter to the driver mounting
screw of the supply being tested;
apply the other leoad to the output
transistor emlitter lesds in turn.
If both readings are the same, then



Svymptom

Possible Causes

3ervice Procsdure

Fuses blow

again (no
Load)

Cutput transistors

shorted(Qa, &3, Q5, @3

the flyback diode is shorted. If
the readings differ by C.4 ohms,
then the output transistor showing
the lower resistance reading is
the shorted one (the O.4 ohm dif-
ference comes from the sensing
resistors Rba+d or Rid+e).

Replacing output transistors: If
output transistors are shorted and
need replacing, the following points
should be followed:

(1) Replacement transistors should be
of the same make and color cocde as
those removed. The color coding 1is
done at the CROWIN factory and insures
that the parslleled outputs will
share the load equally by keeping

the Vbe values closely matched.

The testing is done on the curve
tracer with the following con-
cditions:

Vee-h volts  Ic=2 ambs

Vba Groun Color
.8-.90v {4 Red
1.0-1.194 3 " Orange
l.2-1.%294 C Yellow
1.4-1.584 D Bluc
1.6-1.794 & Viclet
1.8-1,99d F vhite
2.0-2.164 G Green
2,27 -= Reiert

A,F, and G are rare groups. I,T,
and G snculd only be used for
positive outnuts. 4,B,C, and D

can be used for positive or nega-
tive outputs. TUnless matched
transistors are ised the load will
rot be equally shared and the
member of the pair forced to carry
the larger share of the load will
eventually give up the ghost:
maybe sooner, maybe later.

(2) Be careiul tz include 21l in-
sulating materials from the origi-



Symptoms Possible Causes Service Procedure
Fuses blovf Output transistors nal transistors cn the replace.
(no Load) shorted(QB, Q3, G5, G6) | ments. These may include insula-

Diodes CR7? and CR8
chorted (rare event)

Driver transistors
Q1 and/or Qk
shorted (very rare
event)

20

tion on mounting screws, insula-
tion around emitter and base leads,
insulating washers on mounting
screws, a large nylon insulaztor
covering the holes for tne mount.
ing screws and the transistor ;
leads or an insulating washer be-

tween the transistor case and the

heat sink. (On some units, enumerated

in the change list, the heat sirks

have been coated with an insulating

film, removing the need for the

insulating washers that were for-

merly used under the transistor

cases.) '

(3) Be sure the transisters re- 1
placed are adequately heat-sinked by i
using a good heat conducting com-
pound (such as Dow-Corning 340} on
the transistor case where it fits
against the heat sink, and by
tightening down all mounting

screws evenly.

(4) Be sure all base and emitter
leads are securely soldered when

new transistors are mountec. These
leads are in a fairly inaccessible
place, and soldering is a nuisance,
The leads also may have an cxice
coating which keeps them from taking
solder easily.

s

As described avove the resistance
across the output transistors will
show a low value--from a few tenths
of an ohm to several ohms (shorted
diodes have shown up to ten ohms)
If the outputs have been eliminated
as culprits by the test outlined
above, unsclder cne end of each of
the suspected diodes and check
their reverse resistance with an
ohmmeter. It should be high encugh
to cavse no deflection cn the R X 1
resistance scale. Ctherwise, replace
the diode,

The test of the outputs should show
about 5-6 ohms. \hen it has been
estaulished that this is nct due to
a shortea diode, check thz resistance



Symptoms Possible Causes Service Frocedure
Fuses bloy Driver transistors directly across the collector-
no load 21 and/or Q4 emitter leads of the driver tran-

shorted (very rare
event)

Pre~driver tran-
sistors shorted
(Q111 and Glik)

Supply shorted to
ground (usually
only one supply will
be shorted so only
one fuse should
blow)

21

sistors with the ohmmeter. If this
shows lov resistance or a short
(still using the low voltage probde),
unsolder the driver leads and check
again. If the short remains, replace
the driver(s). If the short goes
away with the leads unsoldered, check
the base-collector juncticns of the
outputs.

Both of these are not likely to short
at once. If they do, drivers and
outputs are also likely to be
shorted. At any rate, a measurement
across the collector-emitter leads
with the low voltage ohmmeter should
show a very high reading if the
transistors are okay. A low reading
indicates a shorted pre-driver or

a shorted base-collector junction

in the driver. The second of these
possibilities is less likely.

Check supply-to-ground resistance
on the R X 1 ohms scale. Lormally
this should not cause a deflection.
(with the fuses out) If there is
a measurable resistance then some-
thing i= conducting to ground.
Trace the shorted DC supply line
from the outputs back toward the
input of the amplifier. Isolate
the problem by disconnecting wires
in succession.

EXAMPLE: The +60v line in Ch2 shows
a short to ground. Disconnezt %he

red +60v lead between the output
transistors and the circuit board.
Continue the sezrch »n the side cf
this connection where the short still
appears.

NCTE: Capacitors Cl05, Cl12 and C6

on the +60v suprlies are damaced
sometimes by power surges when

fuses blow, as menticned atove.

These are likely candidates =zs scurces
of shorted +£0v supplies,



At this point in the repair process the amplifier should be cap~-

able of sitting quietly with no
fuses intact.

perly amplify a sine wave.

load or signal and keeping 211 of its
The next step is to discover if the unit will pro-

Turn up the level control (with the signal

source and output monitor plugged in) znd observe the results at the

output. The waveform should appear undistorted at all amplitudes

until it clips.

oscillation.

chart.

Clipping should be sharp with no ringing or other

If any of this is not truz, check the following service

Symptonms Poesible Causes

Zlervice Procenure

Continucug Shorted transistors
DC voltage or diodes in output
at output | circuitry

Bad connections

Shorted or open

components in the
innut stages.

+20v zener suppliss

Use the procedure described above
for the situation where both sides
of the output are shorted. If the
offset is positive--check the posi-
tive side, if negative--check the
negative side.

Visually inspect for loose wires
and loose transistor leads, especi-
ally on the circuit board.

As a general procedure use a volt-
meter to compare voltage readings
around the circuit with thoze given
on the schematic. Beginnirng at the
input, move stage by stage tarough
the amp trying to account for any
large deviations from the suggested
guiescent voltage levels. As was
emphasized earlier, look for ab-
normal situations and determire
whether or not componerts are
actually bad or vwhether they are
only responding to an abnormal sit-
uation created by a problem else-
vwhere.

(The components most often having
roblems here are £102-310% and
CR101~CRLOA. }

Check the +20v levels with a voli-
meter--they should generally be

within a volt or two of this desig-
nated value. (Older units may be a
few volts lower, due to the use of
other zener diocdes.) If one supply
is low, try tc determine where the
current to that supply is going:



Symptoms

Poessitle Causes

Service Procedure

Continuocug
DC voltagd
at output

Shorted or cpen com-
ronents In the input
stages. +20v zener

supplies

Transistors

Shorted or oven

input transistors

™

N

1) The zener (CR103? or CrlO4) may
be defective znd unable to hold the
voltage.

(2) Occasionally Clll and Cl05

have been mounted backwards. In this
case they are liable t» break down
eventually (and unpredictably)} and
short one of the zeneref suppliers
to ground. Use 1,5v chmmeter to
check the forward and reverse junc-
tion resistance of the dicde in
question. This will ordinarily
tell if there is anything wroug
with the dicde. It should show
normal forward breakdown resistance
and large reverse resistance while
still in the circuit. If an ab-
normal reading shows up, pull one
end loose from the circuit board
and measure again to be sure the
problem is nct in the parallel 1
nfd capacitor.

Lock at the voliages around the in-
put stages. If the output is offset,
these should be unbhalanced with one
side (Q101a-§105 or Q101b,{1DE-3103)
conducting while the other side is
turned off. The voltage check may
reveal a bad component: {(for ex-
ample: it may show that there is a
forward biased junction that is

not cenducting, or a transistor
biased off but still conducting, etc).

If it is uneot clear from the voltage
check that z component is bad, turn
off the power and use the ohmmeter
(1.5v) to check individual tran-
sistors and diodes for proper junc-
tion resistances. keasurements
sipnificantly nhi<her or lower than
the normal values (talen from =

good channel) indicate that the part
should be replaced.

The differential transistor {g10la/t)
almost never causes thic kind .1
trouble.

Ql02 and Q109 are the noxt least
likely to give troukle.
rd 1 . o ~n - ~ ~ -
QlC,-, C._lO"r ti,lo/ w,d-J.O‘ u{lc‘/, ‘-,_LCS
+ -

1
cause most of the griei sitner uy



Svomptome | Possible Causes S.rvice Procedure

Continuoug 3horted or open in- shorting or by having a junction
DC voltageg put transistors open up. The bias diode {CR101/102
at output double dicde) may go out with $106

or with Q107 or all by itself. This
diode should show 70-30 ohms for-
vard resistance while in the circuit.

Limiter transistors Use an chmmeter to check Qll2 &

Q112 & Q113) Qll3. If either of these becomes
leaky, or is shorted, the bias to

the pre-driver is interrupted and
the output beceomes unbalanced.
Compare the resistance measurements
with those tsken from a good channel.
KOTZ: The forward resistance of the
base-emitter and base-collector
junction of the transistors beiig
used for Qll2 varies from 10-50 ohnms.
tost of these will be in the 15-30
ohm range, but some which are good
will be outside this.

Bias diodes (CR10S, If one of the bias diodes opens up,
CR108) creating ruraway bias current, the
output will be locked at the 50
volt level. The diodes should be
checked with an ohmmeter for proper
junction resistance. CR10S is a
germznium diode and will show a
iower forward resistance than the
others. The double diode CR1G7/10%
should show absut 100 orms forward

resistance.
Inter- Loose connections With the unit turned on, tap gently
mittent on compecnents {with some non-con-
DC volt~ ducting piece of equipment that
age at will not cause sparks, short cir-
output . cuits or bad feeling--liks wood

plastic, rubber or polyurethzne,

etc.), while observirg the output.
Look for a recurrance of the off-
set. If it heppens as a result of
this mechanical shce
good that tho source is a locse load.

Again a visual check is worth doing--
especially on the underside of -he

board.
Input transistor With the unit turned on, observe
junctions opening up the outzut waile neating uvp tran-
frem neat sistors 103, (lob, 3107,7128 in

i,



Yogsible Causes

Svmptoms Service Procecdure
Inter- Input transistor junctior turn, with a small solcering iron.
mittent DC jcpening up from heat If one of these transistors is
voltage at causing the difficulty, the offset
output should zppear and disappear with
alternate heating and cooling of
the guilty transistor.
Oscillatioribroken leads Trace ground leads at input jack,
at the outq4 level - control pot, circuit board,
put with og protection switch and output
without terminals.
signal

Loose connections

Defective components

25

Check wiring from board to heat sink
for good solder joints at both ends
(these wires sometimes ureak at the
board or at the heat sink from flex-
ing during removal and replacement
of the circuit board.)

Follow the procedure descrited
above for locating parts causing
offset voltages, tapping on the
components and watching the cutput
for changes.

Heat and cool (with small soldering
iron ané circuit cocler spray) com-
ponents while observing the oscilla-
tion on the scope. Do this to the
components on the board concentrat-
ing »n transistors, diodes, and
precision resistors. Components
which significantly affect the
oscillation when treated this way
may or may not te causing the os-
cillation, but if one component
seems to affect the oscillation more
than any other, it should be the
first candidate for replacement.
Check capacitors by paralleling

them with other capacitors of the
same size. If this knocks out the
oscillation, then the capacitor being
checked may be open.

Check cther components (such as
diodes or resistors) by parallelinc
them with capaciteors. This may

nelp to narrow down *he source of

the problem by showing where the
oscillation is developing. (of courss
oscillations can also be caused by
this technique)



Symotons

Fossible causes

3ervice FProcedure

Distortion of
signal at out
put

Output un-
stable when
level pot is
adjusted

Positive
half of out-
vut does
not reach
full amplituds
and shows
ringing

CHeCKOUT PROCEDURE #3:

Loose connections

Semiconductors

Internal contacts
of level pot dirty

120 volt bootstrap
supply defective

Proceed as descrived acove--maie
visual check and tap on components.
Who xnows what you may find?

Occasionally transistor or diode
junctions will treax down at a
certain level of operation, causing
welrd and generally unpredictable
distortion in the output signal.
Resistance measurements and DC
levels should not be affected, so
the source of the trocuble may be
very d¢ifficult to detect. A scope
probe may be some help in locating
the difficulty--also luck,

Temporary relief can be had by
turning the pot back and forth re-
peatedly to allow the ccntacits to
clean themselves. Fermanent relief
demands a new pot.

If only one channel shows the
problem, check the connections at
the ends of the 120 volt wire
(yellow} to that board.

Check the components (esp Qll2 and
CR109)} of the 120 volt bootstrap
circuit on the board with an ohm-
meter,

If both channels are low, check the
120 volt supply board ( fiz. 9 J:
Check all solder joints; check
diodes CRS and CRS for nroper
resistance; check €1 & C4% with an
ohrmmeter for shorts or leakage..

1KHZ SIGHAL--~WITH LOAD

At this point the amplifier should perform acceptably with no

ioad. Meaning that it should turn on normally with no damage to

fuses or personnel, anu it should properly amplify a 1KHZ sine wave

without foldirg, hending, spindling, or mutilating it.

Most of the

common service problems will have been encountered by the time this

test comes up.

Dependirg of course upon individual luck and cir-

cumstances, the rest of the checkout should go easily.

For this and succeeding steps in the checkout, the following

26



NOTES SHOULD BE FOLLOWED:

NOTE ON LCAD: The load should be resistive, having less than 10%%
reactive component at any frequency up to five times the highes*
test frequency. The resistor should “e capable of continuously dis-
sipating the full output of the amplifier while maintaining its
resistance within 1% of its rated value. The load should employ
only high-current connectors (if any) and be connected to the bind-
ing-post output terminals. All ouiput measurements should be

taken at the amplifier output terminals, and not anywhere alorg the
output cable through which the load current is flowing.

A dummy load with these characteristics is available from CROWN,

as mentioned in the section on equipment.

NOTE ON VOLTAGE MEASUREMENT: Accuracy in measuring voltages for com-
puting wattage is critical. For example, a 2 voltage error together
with a 1% resistance error can result in an error of 10 watts power
into 8 ohms.

If the bias level has been properly set (see pp. _ 15-16 ),

the amplifier now qualifies for checkout under load.

1) Connect an 8 ohm load to the output

2) Monitor the output with an oscilloscope and an accurate AC volt-
meter

3) Connect a sine wave oscillator set at 1 KHZ (+10db out) to the
input

4) Turn up the level control of the channel under test

The output must clip at over 150 watts. Typically the clip
point is 190 watts (39 volts)} or above, with the AC line at 120 volts.
The waveform should be clean, and should clip evenly and symmetrically
with no ringing.

This test does not usually turn up problems that have not been
seen before. If any do show up here, a likely source would be the
output stages, since this is the first test where these stages are
actually put to work.

For example, an oscillation occuring only with the load connected



may result from a defective capacitor on the output terminals. (CS)
In general, however, problems which occur in this stage of the testing

also occur with no load.

CHECKOUT PRCCEDURE 74: PROTECTICH CIRCUITRY (Four and two ohms)

This step tests the amplifier response to 4 ohm and 2 ohm loads.
The level of the signal should be set at 150 watts or 34.6 volts
(into 8 ohms).

Switch the load to 4 ohms while observing the output. The 4 ohm
load should not affect the shape or amplitude of the output waveforn.
The smplifier is designed to handle a 4 ohm load. If SA fuses are in
the DC supplies, they will depart if the test is sustained for several
seconds, so do this reasonabiy quickly.

The limiter test comes next. Be sure the protection switch is
in the "N'" (normal) position., Momentarily switch the output to the 2
ohm load. The signal should clip somewhere in the range of 5-13 volts,
positive and negative, and shoula remain reasonably symmetrical
about zero.

Throw the protection swiich to the "H" (hysteresis) vositicn and
again apply the 2 ohm load for z moment (holding in the 2 chm lozd for
more than a few seconds will als0 blow fuses; doing the test quickly
gives the essential information needed and saves fuses.) Tuae clipping
should now occur in the 15-Z0 volt range. The clipped wavelorm should

appear as (fir, orpozite) differing only in amplitude for the normal

and hysteresis modes.

When the test is done, reset the protection switch to the normal

position.

Symptoms rossicle C.uses Service Procewure

Signal clips | bad connection on Irnspect switch 8W-2, using an chm-

on 4 ohm load protection switch meter to be sure tne coatacts are
making and brealcing oproperiy.
Visually insvpsct the switen for a
bad ground.

Positive Bad connecticn in Vigially checx solder connectisns

signal will | positive limiter and wiring on: 2112, CH110,R127,

net clip on | circuit, Piz8, RL33, Ri%%, Rbd, R4e, SW-2.

2 chm load
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smrtoms Possiple Causes Service Procedure
Positive Failure of a Use an ohmmeter to check @liZ
signal will | semiccnductor and CR110 for shorted or open

not clip on
2 ohm load

Bad connection in
negative limiter
circuit

Negative
signal will
not clip on

2 ohm load Failure of a

semiconductor

Either Bad connection in
positive or | limiter circuits
negative or switch

clips at the
wrong level
on 2 ohm
(either I or
H mode)

CEECKOUT PROCEDURL #5: 20 KHZ SILZ

junctions.

Visually check =older connection
and wiring on: 113, CEL1ll, CRllZ,
R129, R130, 2155, Rhic, 3W-2.

Use an ohmmeter to check 113, CR1L
and CR112 for shorted or onen

Jjunctions.

Check connections as described
above.

Set the oscillateor at 20 KHZ,

clipping occurs.

Turn up

the level control until

The output into 8 ohms should clip at over 150 watts.

A typical valve is in the 180-190 watt range.

Two points should be made about this test:

1)

stance, if the limiter transistors are too sensitive, or the

transistors are
leading half of

on either end:

The dotted line waveform 1s unaccenptable.

ferming properly only if the output peax clips before any other

tortion takes place.

2)

sisters involved get warm, they slow down.

The output must clip vefore it distorts in another way.

too slow, the waveform will begin to pull in

the positive and/or negative signals, before it

This test should be made with the amplifier cold.

The resulting waveform appears as in Fig.onnazite i)

fhne amplifier is ne:r-

dis-

As the tran-

The limiters turn on more

readily and the groblem noted above gets worse.

This test has not created any significant

units returned to the factory for service, so it is not likely to be

problem scurce.

amount of trouble on

[

Cf the transistors used in the outpuis, 204 units zre

the only ones that have created problems by beins slow to resnond.
p k I

29

11



Earlier transistors used as outputs were faster but less dependable.
With the slower RCA units, (and later, Westinghouse), capacitors Cl1l%
and Cl1% were increased from 5CIF to 100iF to compensate for the

decreased speed of the transistors.

CEECKOUT FROCEDURE #6: 10 KHZ SCUARE WAVE RESFOUSE

Supply the input with a 10 KHZ square weve. VWith the amplifier
level control at maximum, adjust the square wave generator to give a
Lo volt peak-to-pe-k square wave. The output should be clean and sharp
for all settings of the level control. '"Clean and sharp' means = rea-

sonable facsimile of the waveform in fig. Avnogits re .

This test is another which is almest duil when doing service
work. Once eariier problems have been handled, the 10 KHZ response
usually follows meekly alcong. The official word here is that problems
will not happen (until lurphy's Law takes its course. )

CHECKOUT PROCEZDURE 77: INTIER-NODULATION DISTORTICH TE3T

The connections for the IM test are shown in fig. omnosite rne o

The IMA should be calibrated according t the instruction in the ILA
manual, The amplifier input level controls should be set to maximum for
all distortion tests to assure renectability i measurements. In
naking these tests it is important to know the residual distertion and
noise levels of all test equipment, in order to accurately evaluate
the amplifier.

The distortion is measured at 5db iatervals from 150 watts output
(28.6 volts) to 1% millivolts. At all points the distortion must be

less than 0,150,

NOUE CL AP GATH:  The ottput signal should not vary significantly from
28.6 volts as the cnannels are switcihed. The gein of each channel is
determined by 1% precisgion resistors, so the two shculd show the same
gain., If they do not, the most likely source of trouble is the feed-
nacx loop. This probl is very rare, nowever.

1o

Provlems which occur in the course of this test are very often



3. IM DISTORTION TEST SET-UP

IMA

—O Output Input O
ﬁ o npu g

refurn _ungrounded — wrapped oround output cable

& PNy 4 5

Otnpur DC-300

go ' either
utput (channe!)

LOAD
4:—‘*’“—/

J




6.  NOISE TEST  SET-UP

AC Voltmeter o

(100 microvolt scale) O |/ N

20 - 20khx
Low Noise
Filter
DC- 300
Level controls at minimum. __i__—'O—\J/
Inputs disconnected. Outp-uf o
( either
channel




hard to trace. The larger and more obvious causes of trouble have been
handled by this time and only the more subtle problems remain. The
symptom of trouble, natually, is an =zbnormal I¥ reading. For comparison,
the table below gives the range of tyopical test results. There will

be some varation of these measurenments Trom chzannel to channel znd from
amp to amp. DBut ths variations should be reascnable close te the usual
pattern shown in the list. Any reading above C.CS55 should be investi-
gated, because ordinarily the distortion will nst be this high (although

this level is still only half of the specified maximum for the measure-

ments).
Typical Ii Distorticn Test 2zadinns
150w .02
47, 5w .010
15w .00
4, 75w .00
1.5w .CCB
Lo Cmu 010
15Cmw .01%5
47, Smu L0235
15mw .C25
Symntons rossinle Causes Sorvice rroaceguve
hlgl T Hignh freguency two o tone remedies for this
reading oscillaticn rave glireair been incorporzted into
some of the amplifiers at the
factor: .
1) 47pf casacitors added across 2113

(l.ff)(a‘I amplifiers row being pro-
duced have these aaaec}
2) .Olpf mica disc added across the
positive zener diode CRICH (this
has beer zided only t> those amrli-
fiers vhich chowed the oscillaticn
cduring chaasckout.)
\The oscillation will not normally
ccur unless the front panel has
been mountea.)
Poor soldering Visuvally check all solder joints,
espec;all“ around outpuf and [leed-
back ecir-cuit-y.

Detericrating ™e rmost likely culprits here are
components precision resistors. The one whicn
has cav~ed the most g“4ef s =119

Q187K-1%) in the feedback cir:uit.




Svmntons Possikle Causes Scrvice Frozegure

Zigh IN Deteriorating Others to checi E7C KLl (10K-1.27;
readings components R115 (43K-film); Ri03 & R111 (5aK
film;.

Heat the contocts with a small
snldering iron--then cool with
spray cocolant. Look for signifi-
cant chonges in the IM readings
resulting from this process.
Components whicrh do seen to
affect the results significantly
during this process are likely

to be defective,

Sermicondvrters or canacitors could
also be causing higz Il readings--
but this has been l2ss frequently

a problem. The semizonductors can
also be checked by heating and cool-
ing. The capacitors can be checked
by paralleli-g them with similar-
sized capacitors.

CHSCKOUT PROCEDURE »8: DC BALALCE OF CUTRUD

For this step disceonnect the inputs and turn the level controls to
zero. Connect a DO voltimeter to each ocutput in turn. The meter should
ve sensitive enough to detect an imbalance of a few millivolts. With
the level pot at zero, set the output voltage to zero by adjusting the
output balance pot on the circuit beoard. Then %urn the st to the 12
o'clock position and zero the output again with the input balance pot.
The voltage should then remain at zero for all settings of the level
control.

There has been only one consistent problem in this area with ser-
vice units. Some differential transistors (5101} have beccme unbalanced
after use, so that the balance pots do not give enough control to re-

store the balance to zero. The solution ic te replace the transistor.

CHECKOUT PROCZDURZ #9: 20-20 KHZ NOIZE TEST

Connect a sensitive ({ voltmeter and filter {descrited in the

equipment sectinon of this manual) zccording to the diagram in

¥or nolse zna hum measurenents, all invuats should te discon-

-~

———



4. 10 KHZ SQUARE WAVE RESPONSE
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rected from the amplifier and the level controls set to minimum or to
maximum, preferably minimum.

Never measure hum and nsise when in the presence cof strong
rognetic fields. The amplifier should be at least 4 inches away from
zny large metallic objects cr shield plates for a reading to be
reaningful,

(Depending upon the way in which the different pieces of equip-
ment are grounded together, it may be necessary to remove the output
zonitor jack from the channel not being tested in order to get an

zccurate noise measurement. Try this during the test to determine

wnether or not it has any significant effect on the noise reading.)

a

Measure the noise level relative to 150 watts (+33dbv). Th

1

G

specification is 100db below 150 watts. In practice, any reading

that does not make 1101b or better should be checked. A typical

value is arcund 115db.

Sources of problems with the noise fipgure are often like those
cf the IM distortion test--subtle and hard to track dowr. Zad soclder
Zoints, pocrly made grounds and components with bad contacts vre-

dominate as causes.

: Fessicle Ciusos Service Procerulg
Ligh noise Bau solder Joiazs por e YIra ting, visanlly i1nspect
level tne defective cnannel to be sure

all joints are securelr mads.

Poorly made grounis Check ground wires esno
mzking sure they are

Check the cutrvut Jac: o
it is well grounded fnrouph
lock 1ashe“ inside the chassis.
Check the insulating washer on the
input jecks to be sure they are
properly 1n place.

Che~ix the lug holding the catles
in place on the level 2ar-trol pot
to be sure it is nﬂ* :”Ching the

Defective comnonents

e



CHECKOUT PROCEDURE #10: QUISSCENT POWER USAGE

Using a wattmeter, check the power used by the amplifier when it
is turned on but carrying no signal. This power consumption must be
less than 40 watts with the line at 120 volts. A typical reading is
25 watts. Problems at this point are rare and not usually complicated

to solve when they occur. (only remember Murphy's Law)

Symptoms Fosgsibles Causes service Procedures
Power drain { iliswired transiormer Check the transiormer wiring oy
too high (35| primary comparison with the color code on
watts and the circuit schematic.
higher) . . . .

g Oscillations Occasionally intermittent oscil-

lations will not make an appear- ‘
ance until this point in the test. :
The high power consumption Jjust
means that one channel is turning
itself on bhecause of the oscil-
lation. The procedure mentioned
above for locating oscillation
problems should be followed.

2. bMechanical Problems

Electronic problems are primary, but amplifiers alsoc come back ;
from customers with a variety of mechanical hurts that need repair as
well. Unless the amplifier has doubled as a doorstop, the mechanical

problens should be minor. Two in particuler, however, can stana mexntiorn.

Locse Filter Czvacitors €2 and €3¢ The two main filter capacitors on

the :ﬁO volt supplies are mounted by clamps inside the chassis in such

a way that a good part of them protrudes from the rear of the chassis

(on either side of the transformer). Because of this position the
capacitors are subject to various unsubtle pressures which consnire

to push them the rest of the way into the chassis. On occasion (in

fact, or many cccasions) the mounting clamps have not been tight

encugn to withstand many of thes: pressures. As a result the capacitors
have been pushed further into the chassis, forcing the circuit boards
against trhe Iusc chassis and doing various kinds of damage to com-
ponents on thz toarc. The remedy begins with pullirz the conacitors

bacx out urtil the top edge (inside the chassis) is even with the

A9 Y]
£



upper edge of the mounting clemp. ¥Yhe clamp can then be tignterned by
tightening the screw holding the enis of the clamp. Tnis particular
screw has been cleverly placed so that an offset ratchet screwdriver,
a small offset oren-end wrench, fantastic dexterity, and seven boxes o7

patience are 21l you need to tighten 1it.

Loose Captive [hitgt This problem begins to make the amplifier sound

like an adjunct to a merntal hespital, but the actual problem is nmilder

than that. The fuse chassis, the heat sinksj 2nd the extrusion on the
lower front of the amp have captive nuts mounted in theﬁ as part of
our plan to hold the amrlifier together. These sometimes come loose.
Really. The thing to &o when they come loose is to use a capscrew
fitting the captive nut, with a washer cn it to protect the amplilier
chassis, to pull the nut into place again. Hold the nut in. place
while threading the cabpscrew into it from the other side of the hole.
Torque the capscrew down with an alien wrench to reset the captive nut.
Incase the hole has been chewed up to the point where the captive nut
will no longer lock in place, coat the inside of the hole with epoxy
before setting the nut (te careful toc keep the epoxy off the threads

of the nut and capscrew, however, or you may have to do sone blasting

to complete the repair.

A\l
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PART V: PARTING SHOTS

When everything has been
sald and done, there is
nothing left to say or do....

This manual is rapidly coming to an end. If it has been tu:
together troperly, it should provide a good start on solving the oro-
blems of most defective DC-300's. Possibly the manual has some
weakness (the possitility has been estimated to lie between S7°: znd
1007%) and so it will doubtless need some revision, gppendices,
expansion, etc, in the future. All of this will be easier il rcu
people vho read this will sugges. your own preferences for revisicn.
Mavbe vou will feel this manual should go right up there wi
Webster's Lictionary and Dr. Spock's Baby Book as a source of
information. Or muaybe you would rather think of it as you would

book of west Iranian Cookery: sort of interesting, tut not

You may even think cf it as the literary equivalent of last
plane schedule: past 21l usefulness. VWhatever way it comes ou
think up ;our own ccnclusion and sené it along to our service
partment. ‘We would like to consider it in our future produciicrn cof
service manuals. If everything goes smoothly, we will preoduce zn
infallibtle service manual the day befeore we build an amplilier zhzt
will need no service.

Thing of thate ceecaceraccaee

the end

kY
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Fppendix A: FPictures &nd Disgrams
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A-1. QUTSIDE FRONT VIEW: DC-300

@mmw-m_.

SOLD STATE AMALFIER

POWER

OFF

LEVEL 1 ’ LEVEL 2

The picture above shows the following items:

AC power switch—centered on the panel.

Pilot light—just above the power switch,

Level controls for both channels—to the right and left of the power switch.

Access door with spare fuses—mounts on extrusion with thumbscrews to cover fuse panel.

AC line fuse and DC supply fuses—AC line fuse in the center and two DC supply fuses for
each channel,

DC balance controls—access holes as marked at either end of fuse panel,

moow»
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A-2. OUTSIDE BACK VIEW: DC-300

OLD STYLE: The picture above shows the back of the DC-300 for units through serial number
A1498. Numbers A1499-A1698 have the mounting nuts and studs for the covers shown below,
but not the covers themselves. The input and output phone jacks are clearly marked. The binding
posts are alternate output connections. The output transistors, mounted in channels on the left
and right, are covered with individual black plastic ¢aps. The housing of the transformer displays
the CROWN label with patent and serial numbers, as well as the warning label about output
connections.

NEW STYLE: The new look began with number A1699. Observe that the output terminals are
now covered with a small metal box labeled “output” {this can be removed to connect the output
wiring). The purpose of the box is to eliminate the already remote possibility of electrical shock
from the output binding posts. Atso note that the transistors are now protected with metal covers
instead of the black plastic caps shawn in the top photo.



A- 3. OUTSIDE END VIEW: DC-300

OLD STYLE: The photo above shows the protection switch of one chaanel, with the Hysteresis
and Normal positions indicated by “H'" and “N’". The driver transistors also appear, covered with

black plastic caps.

NEW STYLE: The photo above shows the changed appearance of the heat sinks, which began
with number A1699, The driver transistors are protected with a metal cover, on which are printed
the Hysteresis and Normal pesitions of the protection switch, as well as instructions sbout fuse
usage {and an admonition, readable from two different directions, to please read the instruction

manual}.



A-4. CHASSIS INSIDE - WITHOUT HEAT SINKS

OUTPUT POWER INPUT
ouTPUT BINDING SUPPLY PHONE
INDUCTOR POST RECTIFIER JACK

CRI-CR4

QUTPUT TRANSFORMER POWER
PHONE PRIMARY SUPPLY

JACK WIRING CAPACITOR



HEAT SINK UNMOUNTED

A=5.
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| ol
(&3
w
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O
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PROTECTION

DIOBES
CR7

v
[ 4
0
-
Ll
w
e
o

SWITEH

-CRB

-R8

~
o

TRANSISTORS

DRIVER

Q1,04

OUTPUT
TRANSISTORS
Q2,Q3,Q5,06
CAPACITOR

cé

SENSING
RESISTOR

THERMAL

SWITCH
SW-3 or 4

R4



A-6. CHASSIS WITH HEAT SINKS MOUNTED

OLD STYLE
RECTIFIER

CHASSIS
CHANNEL ONE CHANNEL TwWO
BOARD WITH BOARD WITH
MOUNTING BRACKET MOUNTING BRACKET

LEVEL CONTROL POTS



120 VOLT SUPPLY BOARD

A-9.

PILOT
LIGHT

AC POWER
SWITCH




B. PELRTS LIST




The fellowing lists have hteen put together with the intention
of making it a reasonable process to get replacement parts. They do
not guarantee anything, but they will help move things along.

The organization comes from the illustrations. Each list is
intended to include the significant parts (with accompanying informa-
tion) shown in the corresponding illustration. The ideal procedure
is to find the needec part(s) in one of the illustrations, then to
look up the related info:wation in the corresponding list. Simplicity
itself..........theoretically.

Be it known to all that CPF. does not mean Chocolate Plated
toodles or any of the other things that first crept ints your mind,

It stands for CROwWL Part lumber, arnd it is worth its weight in star
sapphires when you think about ordering parts from us, because it helps
identify and locate whatever parts are ordered. Aside from that it's
just another number and not worth much at all.

The lists cdo not include wiring descriptions or specifications.
These details should be easily obtainable from the unit being servicec,
anc it should then be easy to make up any needed replacement wires.

Descriptione of the hardware used with differenti parts are in-
cluded with the parts, so that harduare misplaced during service or

lost some other way can e conveniently replaced.

[



1LLUSTRATIONS 1-3

\pC= per channel)

Subassembly | Part MName CPU |#Used | Other Information
FRONT PANEL | Panel 76821 1
Red lens & 2359 1
clip
#1 broad- 15771 2
caster knobs
Slide switch| 23k6| 1
cap
10/32 x 5/8 | 2120} 2 Mounting front panel (upper)
oval head
SCrews
10/32 x 5/8 | 2825 2 ¥ounting front panel (lower)
flat head
screws
EXTRU3ION Extrusion 3306
8/32 captive| 2018) 2 Mounted in extrusion for
nut accessory door screws
#8-15 % ¥ 2709 3 Mounting extrusion to chassis
oval sheet
metal =.urews
Access door § 2839 1 Mounts on extrusion to cover
fuses and balance controls
S5 module 1727 beed--
pipe clip H
i
Fuse clip zhod| 2 IThese four together provide
plate Istorage for 4 spare fuses
1
GS-b-4 2260 4 '
eyelet . !
I
Double sided) 1152| 2--4-J
tape (12")
8AG-5A fuse | 1905 Spare fuse
Access door 2017 Thumbscrews to hold accessory
retainer door in place
COVERS Output covers| 3252 lpc | Cover output %ferminals for
safety; fits into wire access
hole in cutput covers
Hexco snap 2612 { 1pc

bushing




ILIUSTRATION 1-7
Subassembly 3 Part iame cel Fusedy Ctker Iniformation
COVEES €/%2 x LM 1654 2u¢ ounting output covers
- (&)
binding head
philiips screu
Transistor 2224 | lpc
cover-side
Transistor %235 loc
cover-nack
6/32 x un 1954 { bpe lsunting screws for side and
indirg hea Saci: transistors cover
bindirg Lead t to v
vrillips scre-
#6 lock washer 1823 | Loc Cx mounting screws for tran-
sistor covers
RACK 10/72 x 5/8" 12120 | 2pc Zcrews tor rack mounting
MOUNTIG cval philiis amplifier
screws
#1C nylon 2119 4 2pe
panel washer
(Rlack)
LABELS Acplificy 2881 1 1 “sunted on transformer.
lzbel (Cau- zousing
tion for
outputs)
Cover label {28621 1 sunted on bottom of
{Cauticn to Zcusing
grevent
elect. shock?
etc.
Arp i patent [2549 1 1 Yosunted on transformer
nunber ncusing
-1 lavels 26551 2 Used to

marx normal and
nrsteresis positions of
srotection switches (on
tatches after AZOC0 , this
InTormation will be printed

=1 transistor covers.)



TLLUSTRATION &

Subassembly ;| Part Ilame CPI #lised( Other Informzticn
CHASSIS DC-200 Chassig 3594 | 1
6/32 captive | 2019 | Zpc Used for mounting heat sink {1)
nut and output covers (2)
Canoe clips 1726 lpe Restrict movement of circuit
boards
POWER 3 wire line | 2824A} 1
SORD cord
Strain relief] 2803 | 1 Feed-thru of line cord on chassis
806 ground 3312 Ground lead of rower cord
lug to chassis
INDUCTOR #16 brownwirg 2812 | lpc Wrapped on toraid to form
(L1) 18" output inducter L1
Ferrite toroid 2850 lpc Foundaticon of inductor
form
Nylon washers! 2279 2pc——-—1
6/32 x 1" 2128 | 1pc iInductor mounting
binding head :
phillips i
6/32 nut 1889 | 1pe E
#6 starwashe# 1827 | 1pc-—4--
Type C 2117 | 1lpc Lock nut to prewvs=nt inductor
loctite from working loose
IiFUT- Phone jacks [ 2423 | 2pc Input and outwut phone jacks
ggé;gT /8" hex nuts] 2046 | 2pc Mounting phone jacks
Shoulder 1206 | 1pc Insulation for input jack
washer {(3/8")
Flat fiber 1646 | 1pc "
washer (3Z/9')
2/8% star 2188 | 1pc Mounting ocutput jack
lock washer
z/8" flat 2189 | 2pc Mounting phone jacks
washer
TRANSFORHER | Transformer |3534 1 1
(T1}
10/32 nuts 2829 | &4 Hounting transformer
#10 star 7862 "
washer I

———



ILLUSTRATION &

Subasserbly Part ety CPil =Ugediy Cther Informaticn
RECTIFIZR DA §90-3 333 1
rectifier-
bridge (CR1,2,
3,4)
Faston termina}f 3298 | & Make ccnnections t- rez-
tifier brigde
Rectifier mount 2626 | 1 Straightening memser 27 top
ing plate center of chassis
6/32 x 5/8 ovall 2207 | 1 Mounting rectifier
phillips screv
6/32 x 3/8 ovall 1871 | 1 Mounting plate
head phillips
screw
Silicon com- 2k22 | litsp | Heat sink rectifier -5
Dound mounting rlate-to chzssis
6/32 hex nut 1389 Mount rectifier ani rlzte
#6 star washer | 1827 Mount rectifier ani rlate
CAPACITOR3 | Electrolytic 4726 | 2
capacitor:
13, 500mfd/70vdc
(c2, c3)
Capacitor clamg 2860 | 2
+ hardware
289 solder lug | 2934 | -
6/32 x 6/16" 2008 6ﬂ——--;
binding head :
phillips screw !
€/32 nex nut 1889 | 6 ihaunting capacitor clamps
#6 star washer | 1823 | 6----{ ¥
LINDING Birding post 2827 | 1pc Output terminals
POST Type C loctite | 2217 Prevent binding post “rom
loosening under wezr,

\n




ST TTIIMTI A MTAN D
e R g gy WL N

Sutassenbly Tart ave PO “isegr Other T-Iarmatiasn
THERMAL inc
SWITCE
ipc
Z5c Used to mount front panel
nut
Hest sini: zom- {2182 ermal contact
pcunc sensor and
6/22 x 2105 |t Zrnc ount thermal switch
cap scrav
Brassz stznicff | 2250 cre Serve =3 nuts on mounting
screws and mounting vpoints
for traznsistor covers.
PROTZC- DFDT slixs 3247 | Ise
TION switch 302
SWITCH a— e " . \
C/Z2 " zzp 2100 ] 2ns Pountinz protection switch
SCrevws
Bracs staniolif | 2251 Zns Zerve zs nuts on mounting
serevs znd mounting voints
for trznsistor covers.
1-G-2 terzingl 11286 | Iz Terminilztrins mount on tran-
strip S.8tor mounting screwvs
2-C-1 terzizal 1372 isc
strin
L,7K onrm att] 2227 | Zue
resistor
(R7, 3.
5mfd 2678 | 1ze ¥rom +2) to ground
acitor .IZ.
2851 | Ize
POVIR Fower rezsietor {2726 | Ing Hesiztor ¢lips mount on cap-
R ISTOR (R4 screvs uzed to attach heat
sin: chassis
Resister nount { 2507 | Z2ve
clip
£/ Jra 3et iz resistor mounting clins
505 rolisr lug | 2153 ) oo rits unier mounting clip at
uprer vos.) end of power
regisToc.

-
o
-



ILLUSTRATICON 5

Subassembly, Part Name Cel’ #lUsed| Other Information
POWER 28773 transis-| 2176 bpe | Cutput transistors (Older units
TRAHSISTORY tor (Q2,3,5.6) | (Westy may have solution (2841) or
2964 Silicon Transistor Corp. (28414)
(RCA units as cutput transistors®
MHT 7698 tran | 2895 | 2pc Driver Transistor
sistor (§1,4)
T03 plastic 2180 | 2pc Insulate driver transistors
film transis- from heat sink
tor

TC3 insulator 2179 6pc Insulate 211 nower transistor
leads inside chassis

6/32 x 3/4n 2135 | 1l2pc | Mounting drivers and outputs
binding head
phillins

6/%2 hex nuts | 1889 | 12pc ik
#6 lock washer | 1823 | lipc "

Heat sink 2152 Thermal contact between out-

: compound put transistor and heat sinx
Silicon com- 2ho2 Thermal contact vetween driver
pound transisteors and heat sinks
505 solder lug [ 3163 { 4pc Connecting output collectors

together ‘




Subassembl:

Part lame

Other Informaticn

ATTACH T-5
TO CHASSIS

1EVEL
COLTROL

COMPOIENTS
ON oUTPUT-
I.PUT

6/32 x 12" cap
SCrevs

Silicon com-
pound

8/32 x 1" flat
head philiips
5Crevs

10K linear

cermet voten-
tionmeter (R1)

Wire & shield
cable

Parnduit minia-
ture tie
Zierick ground
lug

2.7 ohnm 1 watt
resistor (RS5)
2.7 chm VYaratt
resistor {(R2)

camfd 200v
mylar cap (C5)

2h22

21326

Mo
(]
S\
Co

o0

1=
O

|+
‘o

)

p
ol
(8]

Attach heat sink tc chassis
(1 captive mit set in chassis
2 others irn power resistor
brackets)

Thermal contact between heat
sink and chassis

Attach heat sink to chassis
{top and bottom)

(Includes 3/8" flat washer &
2/8" hex nut for mounting.)

Cabel from input jack to wot
{13") and from pot tc board (18M)

Wrap cables together

Lug is mounted on vat aten and
then wrapped around cablos to
relieve strain on cakble con-
nections at pot termirnzis.
Parzllels output inductecr

&

Connects input ground to
cutput ground

Across binding post terminzls



TLLUSTZATION 7

The circuit board mounted on the fuse chossis is dezcribed in a separate
illustration zelow: '

Part lrme CEH it Used] Other Informaticn

Fuse mount sub- 3355 1

chassis

HMB fuse holder 1221 5 Includes hex nut for mounting

3/16 x %" plugs 723 b Adapt fuse holders for shorter fuses
(in DC holders)

8/32 captive nu* 2018 2 Set in fuse chassis for mounting fuse
chassis to main chassis

G6G terminal strip | 1272 2

€/32 x 3/16 binding] 2008 s

head phillips screw ;

#6 internal lock 1823 2 IMounting terminal strix

washer :
i

6/%22 hex rnut 1889 PR S

Fuse mount label 2846 1 Mounts across front of fuse panel
to indicate fuse 3izes, =tc.

8/32 x “" flat 2136 2 Mount fuse sub-chassis to chassis

head phillips

screws




ILLUSTRATION 8

Part lame CPN #FUsed Other Information
Board 697 1
27K % watt resistor] 1056 1
1.5% ¥watt resisto= 10756 1
11k003 diocde (CRS, | 2851
CRE)
10mfd 150v DC 2796 1
capacitor (CH)
80mfd 100v DO 1937 1
capacitor (Cl}
NE2H neon tulb (1-1] 2500 1 Indicator lamp
SPST switch (3w1) {2835 AC power switch (mounted in center of
board with 120v supply built around it)
/40 x %" round 1827 by
head slotted screw !
1
#4+ internal star 1824 L ! Hounting hardware
washer !
}
4/40 hex nut 1938 Lewoobd

10



TLLUSTRATICH 9

This list has been made up according to the order of part numbers on the
schematic, since it seems most likely that parts will be ordered after tae

schematic has peen consulted.

BCARD MOUITIKG:

Part Hame CPN | #Used| Other Information
Board mounting 40246 lpc These include a rubber stem bumper
bracket in one corner and an insulating

board gluea to the bottom of the
bracket (to keep from shorting the
filter capacitor leads). Right and
left hand boards have the rubber
bumpers mounted in different corners
(the bumpers replace the mounting
screw in the corner where the
balance post are placed--a mounting
screw could short one of the pots)

6/32 x ¥ vindiug] 2176 3pc-—f---!
head phillipns !
sCrew !
t

#6 star washer 1823 Zpc bounting board to bracket

. '
W' spacer 1850 Spe-—t-—=
#3 x 5/8" sheet 2757 2pc Mounting bracket to heat sinx
metal screw-hex
hezd

MAIN BOARD PARTS:

Resistors--per channel

Part Name CPN #Used |Other Information

R101 (1K 3W) 2627 1

R102 (10K »W) 2621 1

R104 (1m #) 2805 1

R105 (S6K %) 2810 1 (of J Film resistor
R106 (3.5x #W) 2630 1 {of &) |
R107 (2.2K W) 2628 1 (of J)

R108 (2.28 7W) 1 2628 2 {of2)

11
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Resistors-- per channel

Part Name CPN # Used Other Information
R109 (5.6K %) 1042 1
R110 (3.9K %u) 2630 2 (of 2)
R111 (56K ¥&) 2810 2 (of 2) Film Resistor
R112 (3.3K &) 1051 1
R11Z (1.5K ¥W) 1076 1
R114 (560hm 1%W) 1009 1
R11T (43K %W) 2944 1 Film Resistor (was 3GK)
R116 (10K %W) 1035 1
R117 (4700hm ¥W) 2626 1
R118 (1CK ¥24) 2343 1 1% tolerance
R119 (187K 1) 2822 1 "
R120 (8.2meg ¥&) 2984 1 (was 10 meg)
R122 (100K ¥) 1027 1
R123 (3.3K 1W) 2806 1
R12k (68K i) 1612 1
R125 (3.0K ¥&!) 1059 1
R126 -— 1 Value selected to adjust bias
R127 (5.1K 1W) 2808 1 (of 2) ¢; tolerance
R128 (4.7K %) 1640 1 (of 2)
R129 (L4.7K ¥5) 1640 2 (of 2)
R130 (5.1K 1W) 2808 2 (of 2) 5% Tolerance
R121L (180chm ¥4) 1006 1 (of 2}
R132 (5.6chm 1W) 2355 1 (of 2) 5% tolerance
R133 (240 ohm ¥)] 1069 1 (of 2) %5 tolerance
R134 (2400hm ¥W) 1069 2 (of 2) 556 Tolerance
R135 (120cnm W) 2804 1 1% Tolerance (was 5%
R136 (100chm 34} 1007 1
R137 (180chm 134} 1006 2 (of 2)
R138 (5.6o0hm 1W) 2355 2 (of 2) % tolerance
K139 (18ochm W) 2057 1
Capacitors--per channel
€101 (27pf) 23k2 1
€102 {47pf) 3409 1 (of 2)
€103 {.047/200] 2977 1

2



Capacitors--per channel

Part Hame CPN # Used Other Informaticn
c1ob4 (.01 disc) 1751 | 1 {of 2)
Cl05 (1/30 tantalun 1750 1 {of 2)
€106 (5/70) 1678 1 (of 2)
cl1o7 (lOpf) 2821 1
C108 (5pf) 2820 | 1
C109 (.01 disc) 1751 2 {of 2)
€110 {(.1lmfd 200v
fiim) 2938 1
€111 {1/%0 tantalum 750 2 (of2)
cll2 {5/70) 1678 2 (of 2)
113 (3.9pf ceramid
cap) 2937
Cl1l4 (.0015 pacer)| 3089
C117 (.O0O47 film
mylar cap) 3178
C118 (200pf) 3411
€119 (.1 ceramic
disc) 2600 1 (of 2)
€120 (.1 ceramic
disc) 2600 2 (of 2)
e~ {L7pf) z409 2 (of 2) Added to circuit aczoss R113
A ‘ (1.5K)} to solve some oscillation
Cits (¥7rfj proslems
Diodes--per channel
CR101 & CR10Z
(¥Z2361 double
diode) 3039 1 {(of 2)
CR103 (1N96&B
Zener-diode) 2277 1 {cf 3)
CR104 (1N968%
Zener) 2277 2 {of 3)
CR105 (1IN270
Jermanium) Shiy7 1 (of 2)
CR106 (MR2360) 2798 1
CR107 & CR100
(MZ236) Dounle
diode) 029 2 {of 2
CR109 (116583
Zene~) 3277 T {of )

Ll




Diocdes~-per channel

Part lName CPN # Used Other Information
CR110 (Lii4148) 2181 1 (ef2)

CRI1L (1mh1t8) 3181 2 (of 2)

CR112 (1r270

Germanium) 3447 2 (of 2)

Transistors--per channel

Q101 (Az3){(TDlOl} 2832 1 Differential amp transistor.
QLO2 (2158354

special [PID) 2061 1 (ef3)
Q103 (215383
special PIIP) 2982 1 {of L)
QLO4 (215383

special PKE} 2982 2 (of 4)
Q105 (2138594

Special IPN) 2961 2 (of 3)
QL06 (k0327
selected) 2348 1 (of 3)
QLO7 (21S383
special PHP) 2982 % (ofh)
Q06 {2N5283
specizl PHP) 2982 L (of L)
GLO9 (21128594
Special HPN) 2961 3 (of3)
110 (Lo3z27
selecterd) 3348 2 (of 3
Qlil (40z27
selected) 3348 2 {of 3)
Qli2 (2u13ok) 2721 1
Q113 (2H1Z05 2817 1
QL1L (857304} 2923 1

Other Parts Not Mentioned Above--per channel
Transistor pads 1250 5
Printed circuit com-
ponent receptacles 1655 2
100K horizontal poit 1709
1K horizeatzl pot | 1711 1

15



Other Parts Mot Mentioned Above--per channel

Part Name CPN #Used Other Information

1 phy Inductor 2h4] 1

Transistor heat

sinke 3175 3 2225 B Therma Sink
Printed Circuit

board 7558 1 With no parts Mounted

15
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CHANGE LIST

It will become obvious very gquickly %to the most cesuzl observer
{as well as to all alert, quick-minded, and diligent service personnel;
that 211 DC-Z00"s are not identical. There have been changes made
not, as is commonly supposed in the heat of service work, tc confuse
the serviceman, but to improve the reliability and effectiveness of
the amplifier.) Hearly all of the changes are reasonably minor (as
opposed, I guess, to unreasconably minor?) and are simply the result
of finding a betier way to do something, or a more suitable component
for a particular job, etc. The pcint of this section is the descrip-
tion of the most important of these changes in some detail, meostly
for the purpose of distinguishing factory components from customer
components, as well zs for preventing confusion when similar parts
from different zmplifiers do not seem to match.

To make the section easier to use the changes are grouped under

the different components or sections of the amplifier involved.

TRANSTSTORS

1) @2, @3, @5, §6--Output Transistors {2N3773)

Four different brands of output devices have been used tc date. The
original outputs were made by Solitron. When these began to show less
reliability thar expected, RCA transistors were used on the following
batches. The RKCA units, although showing excellent relisbility,

were not as fast as desired and some had to be replaced on the check-
out bench in order for the amplifiers tn meet response specificaticns.
Silicon Transistor Corporation had a faster transistor that they
telieved would ve reliable under DC-Z00 cperating conditions. It
vasn't. After a smattering of STC units, the RCA transistors were
reinstatea, and the search for a faster (reliable) transistor went

on. Westinghouse se=med to have the ideal unit to fill the rneed.
Their transistor met all specifications and was faster than tne RCA

unit. The only fnitesh turned out to Le a mechanical proolem.  The

: iy
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vases of the Westinghouse transistors were slightly bowed and when the
transistors were bolted to the rigid DC-300 heat sinks, the straigrtening
précess sometimes caused internal havoc with the semiconductor chip. The
following batch of amplifiers went back to RCA ocutputs, while.a procedure
was developed to screen out the unusable Westinghouse units. With the
use of this screening procedure, the iestinghouse units have become

standard components at this point.
The division of amplifiers according to output brands is as follows:
- Solitron (CPN 2841): AlQ0-42326

STC (CPH 2841A): k65, AL7S, A478, A479, ALB3-ALBS, ALBB, ALB9,
AkQL,  AS16, A526, AB27, ASLO.

RCA (CPW 296Lk): A237-Ab6L, ALGG-a47L,  AL76, ab7y, AlBO-ALB2, ALSE,
AL87, ALO0-AL93, ALYS-AB15, AS17-A525, AS28-i53G,
ASL1-A552, A554-A1198, A1248-a1298, A1795-A1%4G8,
A1870-A1921. '

Westinghouse (CPN3176): 4553, Al1199-A1247, A1299-A1398, A1499-41869,
A1922-420L8.

2} Q02, Ql05, {109-~Input Stages:
Q102 and Q109 were originally SE4010 {CPN 2C6L1) transistors. Q105
was 2N3568 (CPii 2090). These were replaced in early production runs

with faster 2128594 special units (CPN 2961), which have been in use

ever since.
3) Ql03, QL0h, @107 Q108~-Input Stages:

Initally these transistors were 2NZ645's (CPW 2434), They were re-~

placed during early oroduction with special TZ531's {(CPN 2982}, in



order to improve the reliability of these stages. The 2982's continue

in use.
4) Qllb--Negative Pre-Driver:

This transistor was originally an ITC150430021 (CP! 2820). It was
changed because the long number was slowing up -our bockkeeping.
Actually, the S37304 (CPN 2923) replaced it because of a better price.
and the 2923 incidentzlly improved the IM distortion readings of the

amplifier.
5) Q110, @111, @l06--Input Stage, Pos. Pre-Driver, 120 Volt Sﬁpply:

From the beginning these transistors have been RCA 40227's (CPI 26L43).
Beginning with amplifiers Al799, a gradual changeover is being made to
RCA 61061's (CPEN 3248). The new transistors are just 40327's selected
for more efficient performance. Originally, CROWN did the selecting

and tried to put the best units in positions Q106 and Qlil (Q110 is

not as critical). The only change is that RCA now performs the selection

process and puts a different number on the transistor.

DIODES
1) CR?7, ®R8--Flyback Diodes:

These diodes, nounted on the terminal strips inside the heat sinzs,
tie the positive and negative supplies to the output, sc that the out-
put potential can not go above 60 volts {plus the diode foruvard
breakdown) in absolute value without pulling the supply voltage with
it. Barly u.:its encountered problems with reactive loads which were
destroying the output transistors by sending the outvut atove the
supply voltages. Units AlGO-:i143 did not originally have these oicdes
installed (the dicdes have since been added to many of thess units
when they have returned to the factsry for one raason or annther).

All units from AlL9 on shoul@d heve the discdes from the original

manufarture.
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2} CR107, CR10& CR101, CR102--Bias in QLCS and Quiput Stages:

Originally these were four discrete components. A need to raise the
output bias voltage slightly, as well as, the savings effected in using
fewer components, led to the replacement of the MZ2360 diocdes (CPN
2798} with MZ2361 diodes {(CPH 3039). CEK107 and CR108 were rerlaced by
the double diode plus an 18 ohm resistor (for the decired bias
increase) and CR101 and CR102 were replaced by the double diode. All

units from A699 on should have this alteration.
3) CR103, CR1O4, CR109~-Zener Diodes:

K11 three of these began as 1N967's {(CPN 2103), which are 18 volt
zeners with 2055 tolerance. To solve a problem with tolerances, these
were all changed later toc 11i968aA's (CPi 3056), which are 20 volts--
1G% tolerance. CR1CS, the value of which is less critical than the
20 volt supply values, was switched back to 11967 for awhile. For
several reasons, including a good price, all three have been recenily

changed to 1NSG68B's (CPH 3277), which are 20 volts--5 tolerance.

CAPACITORS

1} Cé--From +60v tc Ground:

Some early amplifiers had a problem with ringing at the positive
clip point. The addition of this capacitor solved that problem. It
also helped eliminate a low level 10 meghertz oscillation observed in

some units. Beginning with Al49, C6 was installed in all new amplifiers.

2) 47pf. Capacitor Acrass R113:

The low level'high frequency oscillaticn mentioned above was annihilated
in some units by adding a 1O0pf, 27pf, or 47pf capacitor across R113
(in the input circuit) at the test bench as needed. The percentage nf

units having the prclklem was high enough to justify adding the 47pf

L



capacitors to every unit and dispensing with the search for oscillation
(since ro units showed up which were not cured by the 47pc cap.). The
circuit board has not been altered for this component and it is still

soldered directly across R11Z (1.5K).
3) €115, Cll16--Limiter Circuits:

With the Belitfon and STC ocutputs, these capacitors were SOnf. But
with the slower RCA transistors, the size of the capacitor was doukled
in order to keep the overall response of the amplifier fast enough.

At first other 50nf capacitors were added in parallel on the under side
of the board, but later the 50nf capacitors were replaced with 100nf
units in the board producticn. The Westinghouse transistors also need

the 100Onf capacitors, so they have remained.

L)Y (Cli%--Across Feedback Resisteor R119:

This capacitor %hegan as a 1.5pf arrangement of inter-cdigitated foils
on the circuit board itself. It was augmented by a 2.2pf caracitor
soldered directly across the 187K resistor (R119). The two of these
were shortly replaced by the 3.9pf capacitor which is still in use.
RESISTORS

1) R115--Emitter Resistor on Differential Input:

This began life as a 29K resistor. Early in the game it was dis-
covered that variations in the zenered supplies sometimes left TD1O1

without enough vsltage to insure an adequate signal swing. he size

of R115 was increased from 239X to 4ZK to raise the voltage level.
2) R120--Qutput Balance Circuit:

This unit was changed in the early batches from 1Cmeg to 8.2meg, in

order to improuve the range of the cutput balance pot.



POWER STPPLY

Rectifier Assembly:

The rectifier assembly on the transformer secondary originally con-
sisted of four discrete diodes mounted 7z aluminum bars. It has been
recently replaced by an epoxy-cased bridge rectifier., <This single
component is both easier to install and easier to service than t

original unit. The change was made on amplifliers from Al795% on.
MECHALICAL
1) Underwriters Lab Covers:

To comply with "safety" standards estaklished by Underwriters Lab-
oratories, the IC-2C0 has recently appeared wlth rew metal covers

over the chassis-mounted power transistors and the ocutput terminsais.
These additions were provided for beginning with unit A14%S3,  3ut due to
late parts delivery, the first batches of the amplifiers went cut with
the mounting standoifs and mounting holes, but without the covers
themselves. These units retazined the plastic caps that are individuall:
glued to the exposed transistor cases. Beginning with A18GS, the amp-
lifiers ghoulc have all of the new covers and lagbelling, inc
covers for the cutprt transistors, covers for the driver transist-ors,
covers for the cutput terminals, and the cute little UL sticker on

the transformer housing.
2) Change in Gutput Transister Insulators:

In the original production, the output transistors (Q2, Q3, §5, 36)
were insulated from the heat sink with an anodized plate. Later on

a more efficient process was begun which invelved spraying the area
where the output transistors are mounted {on the back of the heat s=irk’
with an insulating epoxy coating. This coating is not obviously
visible tut it can Se assumed to be nresent wien the insuls

are not. Lthis is on the outside of the heszt sink; inside the heat
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sink nylon washers or plates are used as insulators for the mounting
screws.) Please note that all driver transistors must be mounted
with insulating washers, since there is no spray-coating on the ends
of the heat sinks.

A1l units from AlLOO to AYCO's used separate insulators. Then the

following units used the spray-on insulation:

A782 A794 4852 A869 4878
A785 A807 4857 A872 A87%
A737 4841 4862 4877 A8
A789 ALY A866 4875
A7G1 A8L7 AB67 A876

Units A899-A1198 followed with the old-style insulators.

Beginning with AI1199 only A1218 and Al1219 used the old separate in-

sulators. Al. others since that peint have used the spray-on insulation.

MISCELLANEOUS CHANGES

Besides the changes listed and detailed above, there are numerious
others which have bheen left out of the list, because of their relative
unimportance in doing any service work., These others include changes
in style of capacitors, level control pots, input and output jacks,
resistors, and germanrum diodes. These parts have not changed in

value o1 function, but only in the type used.

As explaiaed earlier, the list has been put together for the purpose
of avoiding confusion when parts of different amplifiers do not match
and only those changes which we think may somehcw get involved in
service worx have been detailed. Questions and confusions not cleared

away by the information already given will have to be referred to the

factory.
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APPENDIX D: DC-300 Operationzl Design

INTRODUCTION

The following section has been written with the objective of
explaining the basic operational features of the CROWN DC-300.
The method of explanation involves dividing the amplifier
circuitry into several sections and discussing the operation
of each section individually. Three is a good number; it is
not very big and not too small - so we have chosen three
sections which are in the order of their appearance: (1)
Output Stages; (2) Protection Circuitry: (3) Input Stages and
Feedback Circuiltry. Included with the text are simplified
schematic drawings intended to clarify the way things work.
One picture is worth a thousand words (which is why painters

are richer than writers).



SECTION I: DOutput Stz=ges

A, Design Objectives

One of the most persistently soul-twisting struggles
occupying the tears and efforts of design engineers comes
disguised as a power transistor. Output devices, by union
rules, will either do your hard work for you in forty days
and forty nights or they will do your easy jobs before the
morning dew has dried. Butnone of them will work very hard
and very fast at the same time, 2 situation which helps not at
8ll in pbtaining the basic gualities of a power amplifier
(i.e. it should carry high power at high frequencies without
obliterating itself). Given the selection of rugged, high-
power, and discouragingly sliow transistors on one hand, and
fragile, low-power and super-fast units on the other, it
would seem that some sort of combination might be arranged to
exhibit the good qualities of both - a marriaoe of speed and
strength. The objective, then of the DC-300 ocutput stages,
lies in compensating for the imadguacies of available output

devices while making full use of their strong points.

B. The CRCUN AB+B Dutput
Configuration

Figure D-1 illustrates the CROWN solution to the problem of
slow putput devices. Basically, the configuration divides

up duties so that:
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1) The rugged, slow cutput transistors are nurmally
biased off and only come on when the load and signal

demand significant amounts of current.

2) Fast,less durable driver transistors are normally
biased on and handle all low level signals including
the impartant crossover point when the cutput switches
signal polarity.

The advantapges here are obvicus. The bias resistors on the
outputs can be made small. This reduces the bad effects of
their internal capacitance and allows the outputs tc work
better at high freguencies. There can be good low level
linearity because the driver transistors which hendle low level
signals can be hiased on all the time for quick switching. Uue
thus combine speed and strength to provide previously unavail-

able performance.

Referring to Figure D-1, transistors Q2,3 and Q5,6 represent

the output devices that draw no current in the guiescent

state, 2! znd 34 are the driver trensistors which are biased

on in the guisscent state. The bias current through the drivers
does not induce enough voltazge across output bias resistors R1322
and R138 HD turn the outputs on, but any demand for large
amounts of currant from 41 and Qb will guickly change the
situation. Wwhen the current increases, the voltage across

R132 anc R138 will rise enough to turn on outputs 42, 3, & and
6 and the outputs will supply the heavy currents demanded for

high power operztion. A further benefit of ihis design is



the gain in bias stability. Since the main outputs are
normally biased off, there is no tricky adjustment or
compensation necessary to keep them biased at the proper
level. O0Oversll, this use of AB+B operation maximizes the
usable gain-bandwidth of an amplifier using currently

available semiconductor devices.

C. Output Biasing

In Figure D-1, Q111 and Q114 are designated 2s predrivers.
This complementary stage is cascaded with the driver staqge

to provicde current gain sufficient to switch the

output stages guickly and provide good performance st cross-
aver. The bias supply acts directly to bigs this stage, which
then biases the driver stage. The bkias supply, as shown in

Figure D-1, acts as o current source with adjustzble voltage.

Figure D-2 shows more detzil on the bDias circuitry. Essentiaily
the ogutput of the final uwoltage amplifier supplies voltage

to the predrivers, which then comtine with the drivers and
output transistors to amplify the current for final output
power. The bias supply must properly set the guiescent
operating levels of the predrivers, and must have enough

voltage swing to handle the signal from the final wvoltzge

amplifier stage.

The load resistor (R125) aof the final voltzge amplifier

(Q105) is boctstrapped hy zener diodes CR10S *toc the finagl

Lo

e
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amplifier output. This provides positive feedback which
increases the output impedance of 3106 and increszses its

output driver power, giving it the desired current source

characteristics.

Zener CR10S ties to 2 +120 volt supply in order te insure
enough voltage to saturate the output devices when large
positive signals are required. If the zenmer were run to the
+60 volt supply, it would drop out of conduction before the
output transistors saturasted. This would lowar the bias
current supply and limit the positive output. Using the
+120 volt supply, the output transistors saturate first, so

the bias supply is adeguate for all signals.,

Transistor (110 shares power dissipation with resistar R12L.
R124 handles the zener current while Q110 supplies ths

collector current of Q1l06.

In the final design (see main DC-300 schematic), the best
distortion figures resultad from running the zerner Fram

the base of the positive output transistors rather than to the
output itself. This minor change does not affect the

principles of operation outlined zbove.

Adjustrment in bias voltoge comes from selected resistar R12G.
The dipde string CR105-CR108 provides a ccrstant bias

voltage between the bases of predrivers Qill and Q144,



keeping them both turned on and ready to po. Precise
adjustment cof the desired bias level is achieved by
selecting the proper value for R126. The predrivers supply
the bias for the drivers across R131 and R137 (main
schematic) end the bias is measured for adjustment across
R132 and R138. The set level across these resistors is

0.325 volts + 0.15 volts.



SECTICON II: Pretection Circuitry

A. Design UObjectives

One of the outstanding features of the DC-300 amplifier is
its unigue protection scheme. The system is designed to
relieve instantaneously any dengerous stress on the output
devices and then to return the amplifier to normal aopsration
as spon as the stress has been removed. These operations

are to be performed automatically in order to lessen
inconvenience. A further feature involves protection against

overheating due to poor ventilation.

8. Overload Sensing

The basic protection circuitry appears in Figure D-3.
Referring to that figure, the resistors R4 (c,d,e) are sensing
resistors. These resistors, which are very small in value,
carry the outzut current from transistors G2, 03, 45 and 6.
Before the output current becomes dangerously high, the voltage
induced acrass these resistors will turn on the limiting
transistors 4112 and Q113, an action which will in turn cut
off the drive voltaoe to predrivers (111 and Qil4. In

other worts the pretection circuitry will simply clemp a

limit on the signal whenever it threatens to push the out-
puts too hard. UWhen the predriver current plus the limiter

current egu=als the current available from the vaoltzge
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emplifier (Ql06) a limit point ic reached and fhe pfo-
tection mechanism remains there until the overload at the
oputput is removed. This limiting applies itself at the
instant an overload pccurs and removes itself as soon as

the overloezd disappears.

Effisiency in usinp output power demands that R4 be as small
gs possible (any voltage across R4 sgbtracts from the
voltage available at the load). This means further that Vbe
of the limiting transistors should be small, so thét-théy
will turn on ét a relatively low voltage. This leads to the

use of germanium transisfors for the limiters.
C. Sciting Voltage and Current Limits

The desﬁriptinn'above éakés é very siumple point of view. In
actual operation, the pruteﬁtion circuitry has to handle a
wide range of cﬁnditinns which call for more complicated
design. Figure D-4 displays this system in detail, re-
placing the box labelled “Prutectiun'CDAtrnl“ with discrete

components.

.NDtiBB that on the base of each limiter transistor there

is a network of czpacitors, diodes, and resistors complicated

by 8 switch. Ignoring the function of the switch for the
moment, note that when it is in the position marked "N", the
limiter bases are each tied to ground through a diode and

a resistor. Look at R127, in the positive limiter (Ql12)

?
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network, to see how this works. As the voltage on the
output rises above zera, current flows through R133/134

and R127. Observing the voltages Indicates that Vi_VUp=Vgc.
When this voltage is greater than forward brezakdown an the
base-emitter of {112 (about 0.3 volis aon a germanium
transistor) at that point Q112 will turn on. The difference
in voltage depends on the voltzges across R133/134 and RL4,
since Ul+U2=U3+UD, which means that Ul-UD=U3-U2. V3 and Vo
depend, of course, on the current through their respective
resistors and these currents in turn arise from the
magnitude of the output voltage Vg and the output current Ig
through R4, The limiter turn-on point varies, then,with the
valueg of the output voltege and current, once the com-
ponent sizes are established. The components are seilected
to allow limiter turn-on while the output transisturs are
still well within their safe operating area. Overall, this
circult increases the available output current (befare
limiting), as the output voltage increases. The negative
limiter circuit operates in the same way, to result in the
V~I limiting graph in the DC-300 instruction manuzl showing

output voltage and current limits.

Looking zgain at the positive iimiter, notice that dicde
CR110 insures that R127 will conduct only when Vg is pisitive.
Without CR11G, a negative value for V. would induce current

through R127, R113/134 ano RL. At sufficient magnitude, this



current would activate the positive limiter while the
negative half of the output was carrying the signal, a
condition which would be unstable. A similar blocking

diode appears in the negative limiter circuit.

D. Hysteresis Mode Operation

Now consider the switch (5W2a/b) that we have been carafully
ignoring. N stands for Normal mode, which is the kind of
1imiting operation just discussed. For some situations
requiring a little more operating room, such as might be
encountered in driving motors and some speakers, it would

be useful, in effect, to de-sensitize the limiters, because
the power levels, while high momentarily, are not sustained
long enough to damage the amplifier. UWhen the switch is
moved to the H (Hysteresis) position, the base of limiter
Q112 is tied to the -60 volt supply through CR110, R127

and R7 and to ground through CR110, R127 and R128. The
effect of this is to add a negative bias to the positive
limiter base (about -0.5 volts)., It follows then that the
voltage turning on the limiter must overcome this bias as
well as the normal junction voltage before the limiter will
turn an, which means that higher voltage-current values can
be generated at the output without exciting the limiter. 1In
the same way, the negative limiter is biased from the positive

supply in the hysteresis mode.

R side effect of the hysteresis mode is the removal of adezquate



protection for the output devices for low resistance

DC-excited loads.

To regain this protection, the DO supplies are fused with 5
amp fuses. The effects of the hysteresis suitch and the DC
fuses are illustrated on the V-I limiting di2:ram found in

the DC-300 instruction manual.

Expansion of available cutput is also supplied by capacitors
C115 and Cll6., These two capacitors slow the response time

of the protection circuits to allow short, high-power pulses
(which the output transistors can safely handle) to be passed
without turning on the limiters. C115/116 also help stabilize
the protection circuits. The phase lag in the output which

is added by these two capaclifors is partially compensated by
the addition of Cll4 on the positive side and C1l}7 on the

negative side.
E. Additionzal Notes

Diode CR112 in the negative limiter circuit, prevents forward
hiasing of the collector-base junction of Qli3%. Thze diode
coes its job in the following situation: as positive output
current increases, the voltoge difference ketwesn the output
and the collector of the negative limiter (Q1i3) goes to zerno
and then bocomes positive. This happens as the increasing
voltage acroos R4 (d+e) zdds to the junction valtoges of

transiagtors 4111 and 1-3 to overcome the volizae azrogs diooss

3d

- e

g



CR 105-CR108 and leave the caollector of 4ll3 at a voltage
more positive than the output. UWhen this difference is
large enough (>0.3 volts), it forward biases the collecter-
base junction of Q113 and prematuraly limits the drive to
the positive output. Because of the output configuration,

a similar diode is not needed for the positive limiter

since the problem will not occur at Q112 within the allow-

able current-limits of the amplifier,

A germanium diode is used for Cll2 so that the breakdown

voltage will not seriously alter the limiting action of 3113,

The other main pretection tircuitry guards agaipst over-
heating problems arising from inadeguate ventilation,
Connected in series with the AG line, a thermal switch is
heatsinked between the positive and negative outputs of each
channel. At approximately 165° F, the switches will open up
and cut off the AC power, thus preventing the transistors from
operating outside their safe operating regign when the heat

derates their power-handling capacity. (see main schematic)

11



SECTION III: Input Stages and Feedback
A. Design Bbjectives

The input stzges must fulfill a number of Important criteria
in order to complement the output stages in forming a com-
pletely direct-coupled amplifier showing very low distocrtion
and capable or supplying high power. In the discussion

following, reference should be made to the main schematic.

To push the distertion level down, a large amount of feed-
back in reguired, a condition which demands a large gain-
bandwidth. But because of the slow ovutput transistors, the
open loop gain of the amplifier must be limited at high
frequencies to avoid ringing or overshoot. The limit on
high frequency gain enforces a limit on the low freguency
gain, since any difference in the gain with frequency caﬁses
a phase shift. WKeeping the phase shift small means keeping
the gain values fairly uniform. Overall, an integrator
voltage amplifier does the best job of maximizing feedback

far all freguencies. To implement this, several wide-hand

stages are cascaded.

g. Differential Pair
In urder to secure the desired control of input drift and
bias currents, a common-emitter differential pair forms

the first stagz (JQ10la/b). Both transistors of the pair

12



are mounted in a single case to eliminate any temperature
differential between the two that could add to the problem

of drift.

C. Emitter Follower Stages

For the succeeding stages (0102, Q109), emitter followers are
used to minimize loading on the high impedance input collector
loads (R105 and R111l, 56K). By keeping this loading down, the
response speed of the first stages is kept high. The low iﬁ—
pedance output of these stages drives another common emitter
pair (Ql03-Q108). The emitters of Q103 and Q108 are made
current degenerate by the use of resistors R107 and R108. This
configuration permits the use of C102 as a bypass capacitor to
improve the band-width of these stages by maintaining the high

frequency gain.
D. Grounded Base Stages

In order to reduce feedback capacitance in the differential pair
Q103-Q108, the signal must be fed into low impedance stages. Q104
and Q107 are therefore grounded base stages, which show very low

input impedance.

A further characteristic is the high output impedance of this stage,
as seen from the final voltage amplifier. This cuts down hum and

noise, as well as high frequency oscillations

13



which might otherwise be induced on the voltage supply by the

output.

E. Final Voltage Amplifier Stage

The final stage of vsoltage amplification faces a number of
conditions for effective operation. A grounded base con-
figuration is used (Q106) because it best meets the reguirements
for high output impedance (to make the stage look like a>
current generator, as described in Section 1), wide band-

width and low feedback capacitance. A drawback is the louw

input impedance of the grounded base design. To overcome

this Q105 is added to drive Q106 and present a higher input

impedance to the preceding stage(Ql04).

R further advantage of this addition is the good linearity

resulting from the complementary arrangement of Q105 and Q1056.

To lower the power dissipation required of‘QlDS, the collector
is returned to the -20 volt supply instead of the positive
supply, as this arrangement allows plenty of voltage swing
for the performance desired. R112 also limits the dissipation

of Q105 by limiting the collector current.

Other components around the final stages perform the following

functions:

14



Cl03 minimizes feedback capacitance effects, while C121

and Cl04 are added for stability.

CR101 and CR102 bias Ql06. The bias point is chosen to
allow adegquate voltage swing at the output of Q106. R114
is chosen along with the bias voltage of CR101/102 to set

the maximum current desired from this stage.

R113 is on the order of size of the input impedance of
Q105. This conbination keeps the overall variation in

current gain to a minimum.

F. Safety Features

Cl18, which runs from the output of the final voltage
amplifying stage (Q106) to ground, provides a safety factor
by controlling the slewing rate of the amplifier. The current
required to charge this capacitor limits the high frequency
drive to the output stages. Since the stage is current-
limited, the capacitor charging speed is limited and the
outputs cannot be hit too hard too fast. The current-
limiting of this stage is also essential for the output
protection devices to work, since the limiter transistors
will carry just as much current as Q110 will deliver.
Because of the differential arrangement, the input stages

are all internally current-limited, a situaticn which

15



prevents chain destruction of components in the event that

one should short.
G. Feedback Circuitry

The gain-bandwidth of the final voltage amplifier is set by
the choice of transistors and bias points. The overall gain
of the amplifier is set by feedback resistors R118 and R119,
The amount of feedback, as mentioned earlier, is very high.
High frequency stabilization is gained by the use of feed-
back capacitor Cl01 between the output of Q106 and the
collector of input tranmsistor Q10la. A phase advance network
(C107, C108, and R117) also ties the feedback line at the

base of J101b to the output of (Ql06.

At high frequencies, the differential operation of the input
disappears and these stages revert to @ simple cascade. This
is accomplished by the use of C109, which bypasses the

collector of feedback stage (l0lb at high frequencies.
H. Additional Notes

Stabilization on reactive loads at high fregLencies is helped
by the RLC network at the output terminals (L1, R5, C5).

The RLC network in the emitter of negative predriver Qlli
also helps stabilization (R136, L1801 Cl17). The main

power supplies are bypassed by C6, C1l12 arnd Cl100 to further

insure high freguency stability.

15



The + 20 volt supplies for the input stages are zener
regulated and bypassed with Cl11 and Cl05 to eliminate

zener noise.

Potentiometers R103 and R121, with associated resistors,

serve to set the input bias current (R103) and to compensate

for differences in offset between J10la and JQl0l1b (R121).

17
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SUPPLEMENTAL DC-300 PARTS
REPLACEMENT KIT

(Listing parts not included in DC-300A kit)

Designed to supply parts needed for 5-10 repair jobs.

PART DESCRIPTION CPN QTY W-5-S TCTAL PRICE
Transistor:
Trans. Solitron MHT7698 2895 2 6.75 13.50
Trans. RCA 61061 3348 3 1,30 3.90
" 2N1304 2721 4 .55 2.20
" 2N1305 2817 4 .47 1.88
" TD101 Differential 2832 2 1.74 3.48
Diodes:
MZ2361 3039 4 .53 2.12
IN968B Zener 3277 6 .27 1.62
Capacitors: Smfd - 70vdc 1678 10 .20 2.00
Neon Bulbs: 1NE2H 250C 5 131 .65
Fuses: G5Samp/fast acting 1905 25 .07 1.75
Canoe clips 1726 2 .02 .04
Captive nuts:
6/32 2019 2 .02 .04
8/32 2018 2 .02 .04
10/32 1334 2 .07 .14
Also Recommended: Aerosol Coolant -- for temerature checking components

Heat Sink compound (such as Dow-Co ning 340) for replacing

output transistors.
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SCHEMATIC NOTES

This schematic revision applies to amplifiers num-
bered A2000 and above {some parts are different on
earlier schematics).

DC voltages are shown for various points. These are
the normal, operating voltages for zero input signal.
The following notes aiso apply:

a.  Voltage across C102 (47pf-input stages) should
measure 1 volt or less. In other words the em-
itter potentials for Q103 and Q108 will be with-
in one volt of each other if the input stages
are balanced properly.

b.  The voltage on the emitter of Q103 should be
within 0.7 volt of the base voltage of Q102.
The opposite ends of these two junctions are
tied together, and since both are normally con-

ducting, both should normally show the same 0.6

volt drop. The same situation exists with Q108-
Q109.

c. Inrecent units the zener voltages should be
within 5% of the value shown {within 1 volt of
20 volts). Older amplifiers may have 18 volt
zeners with 10% tolerance.

The heavy continuous trace follows the primary sig-
nal path through the circuit. The heavy broken
trace shows feedback paths.

Wire color codes are given for the main power sup-
ply and for the chassis-to-board wiring.

Components enclosed in dotted lines on the schem-
atic are physically enclosed in a single case.



[T
nay e - R
e e I maw .0n ( L0%
T _ l >
cin ¢ e 4 * ::"l ’ REITY
™MD r L
oS e o e f;l;7 [ M MamaL
aax e
L1 LILE 1L "o ANV (4 /]
wn 4 1m0y aw 22K vaw -
Fains AAA— A cR10%
e
e 1 vwn] Q109
Ry Q7 o5, '\_...__“1’
<109 m~r
0wy o108 L]
- ToMF atie arer 39K s amw
(s am
]
J9K Vaw o
19 e 0UNF
nioy
oc
wrot el mn R122 4
BAL Ou —= - 0 100K 100K L1x1]
p < AN ] X 150 o P
[ Qtor vy J TENF
¥ cRios
ouTrUY nize- r N MODE 8 0v
wrwy aaL ¥ u00¢ 0 -0 12
£ i an
1R 1aw ; ¢ MH— /1 no S ¢ ’ TN mray o s
[ELIC el chi
o
.
o I S s
sory 2 aumn R
) T~ Ao wun L= AAA @
TS wme
o y “mioe ™
" nw
Quy (DTS LIS . . win
gte rE A [¢ (
omend
' “an (8]
P
it - L)
/ - >
! \I A v s s 27 he
' . v
>"jun o casor b 4 ] oK % i p ceror | 0 e w 3
4 . 1 - '
Ale cing r
T i sUhm tone =T On | H 1 ' of ke >
™ ! ' \ I
- ' H ]
1 H ] . |
(31 + cava2 V! 1 H
aINE 4 T H ] L. cne
LY oy 3 i ' e . T troome |
—— ) H N
. i Vo o —
- R - ! y caie | rr
atie \ B '
’
ci08 ceoBoacas 4 ni0 MHUTECTION MOUL
tox o = o~
croy cAw bl Qe crr 1101 ‘—-{
“i win 3 PYe wen «INF oy
o
o
cRIN f- uipor
>t K)o | SR\
— —— ——— R i T U — Mol b0y HEL
- - ot o I
s e " . - T,
At - o e [ 2 [ P c— AR g
cin snne LIL ] WA
n W0 N
28omm -4 O
" L R * RLRLCH
[ - ] b
4 e SOMEOII0OVIC T~ 1 — i
v
‘
s L A
: p
' et
! é +60vDC
i
H
i w
1 [4] . ek
swi [} 1I50MFOIOVOE us
AL 108
234 Sy M LA B
’ anp e LIt
58 Onm was s ETNGH Ren
. < + wes 020mm L6 MaNUAL
VIVAC e "3 #D/uvie LIF]
A% v - e -
— - ©OVDC . -
- ! LUV RS

£ novun

M1.230A

DC 300 LAB STANDARD POWER AMPLIFIER

sstiicnn

ALLRUSISTUONS 1 2 WATT KEL UNLESS OTHERWISE M7 CIEIEY

AT RIS IZY LIGT CHYIZ O



A-11.

Power
Supply

' TEST EQUIPMENT - DC-300

VOM

Dummy Load (2-4-8 ohms)

SERVICE

CROWN Oscill AC ~ Signal
IMA tcllloscope Voltmeter Generator
20-20 khz
Low Noise
Filter
i
Input
AC Monitor W 15 amp
120 Volt aty-
— and meter Breaked
Variac
Output
(eit her )
channel

DC-300




A-12, TYPICAL CHECKOUT RESULTS

DC-300
Serial Number_ A XXX
Ch.-1 Ch.=2
1 K Hz. Cont. Power 190 Wrms. 190 Wrms,
8 Ohm
1 K Hz, 300W Cont. OK ’ oK
4 ohm
Prot. Normal oK OK
Prot. Hysteresis oK OK
20 K Hz. Cont. Power 185 Wrms. | 185 Wrms.
8 Ohm
10 K Hz. Sq. Wave 0K 0K
IM Dist. 8 Ohm
(60-7K Hz. 4:1) 018 % 150 W 020 % 150 W
008 % 47.5 W 010 % 47.5 W
_004 %15W 003 % 15 W
0094 % L.75 W 004 % L.75 W
006 ¥ 1.5 W 005 % 1.5 W
009 % L7sMW 008 ¥ L75MW
016 % 150MW 012 % 150MW
034 % 47.5MW 025 % L7,.5MW
024 % 15MW 020 % 15MW
Hum and Noise 1158 DB below 115 CB below
1504 8 Ohm 150W 8 Oh

- (20Hz - 20KHz)

Quies. AC Power Input 25 W at 120 VAC



SCHEMATIC NOTES

This schematic revision applies to amplifiers num-
bered A2000 and above {some parts are different on
earlier schematics).

DC voltages are shown for various points. These are
the normal, operating voltages for zero input signal.
The following notes also apply:

a. Voltage across C102 (47pf-input stages) should
measure 1 volt or less. In other words the em-
itter potentials for Q103 and Q108 will be with-
in one volt of each other if the input stages
are balanced properly.

b. The voltage on the emitter of Q103 should be
within 0.1 volt of the base voltage of Q102.
The opposite ends of these two junctions are
tied together, and since both are normally con-
ducting, both should normally show the same 0.6
volt drop. The same situation exists with Q108-
Q109.

c. Inrecent units the zener voltages should be
within 5% of the value shown (within 1 volt of
20 volts). Older amplifiers may have 18 volt
zeners with 10% tolerance.

The heavy continuous trace follows the primary sig-
nal path through the circuit. The heavy broken
trace shows feedback paths.

Wire color codes are given for the main power sup-
ply and for the chassis-to-board wiring.

Components enclosed in dotted lines on the schem-
atic are physically enclosed in a single case.



