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AVIS

CAUTI

TO PREVENT ELECTRIC SHOCK DO .
NOT REMOVE TOP OR BOTTOM A PREVENIR LE CHOC
COVERS. NO USER SERVICEABLE ELECTRIQUE N'ENLEVEZ
. PARTS INSIDE. REFER SERVICING PAS LES COUVERTURES.

TO QUALIFIED SERVICE RIEN DES PARTIES
PERSONNEL. DISCONNECT UTILES A L'INTERIEUR.
POWER CORD BEFORE REMOVING  DEBRANCHER LA BORNE
REAR INPUT MODULE TO ACCESS AVANT D’OUVRIR LA
GAIN SWITCH. MODULE EN ARRIERE.

/ARNING

TO REDUCE THE RISIK OF ELECTRIC
SHOCK, DO NOT EXPOSE THIS
EQUIPMENT TO RAIN OR MOISTURE!
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1 Introduction

1.1 The Studio Reference

The Studio Heference amplifiers are the flagship of
Crown International. They offer the best in sound re-
production with a dynamic range capable of accurately
reproducing 20-bit digital recordings. Super low har-
monic and intermodulation distortion provides the best
transfer function in the business. And the ultra-high
damping factor of 20,000 delivers superior loud-
speaker mation control for a tight and clean low-end.

1.2 Scope

This manual contains service information for the Crown
Studio Reference power ampilifiers. It is designed to
be used with the applicable Reference Manual. How-
ever, some important information is duplicated in this
Service Manual in case the Reference Manual is not
readily availabie.

This Service Manual includes several sections, These
sections inchude Specifications, Vollage Conversion,
Circult Theory, Electrical Checkout, Parts Information,
Module Information, and Exploded View Drawings.

Schematics are included, Note that a Module is com-
prised of the circult board with the component parts
installed. Crown does not sell blank {unpopulated) cir-
cult boards,

CAUTION: The intormation in this manual is intended to be
used by an experienced technician oniy!

1.3 Warranty

Each Reference Manual contains basic policies as re-
laled to the customer. In addition, it should be stated
that this service documentation is meant to be used
only by properly trained service personnel. Because
most Crown products carry a 3 Year Full Warranty (in-
cluding round trip shipping within the United States),
all warranly service should be referred to the Crown
Factory or Authorized Warranty Service Center. See the
apphcable Owner's Manual for warranty details, To find
the location of the nearest Authorized Service Center,
or 1o obtain instructions for receiving Crown Factory
Service, please contact the Crown Technical Support
Group (within North America) or vour Crowr/Ameron
importer (cutside North America).

Crown
Technical Support Group
Factory Bervice
Parts Departmernt

Malling Address;
PO Box 1000

Elkhart, IN USA 48515-1000

Shipping Address:
Plant 2 SW.
1718 W, Mishawaka Rd.
Elkhart, IN USA 46517

Phone: (219) 284-8200
Toll Free: (BOO) 342-6929
FaX: {(218) 204-8301
Web: www crownaudio.com

Introduction 1-1
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ecifications

The following specifications apply to units in Stereo
Mode, with an 8 Ohm load, and an input sensitivity of
26d8, unless otherwise specified.

Low-Distortion 1 kHz Pawer, Refers to maximum aver-
age power inwatts at 1 kiHz with 0.02% THD and noise.

Standard 1 kHz Powsr: Refers to maximum average
power inwatis at 1 kHz with 0.1% THD and noise.

Full Bandwidth Power. Refers to maximum average
power in watts from 20 Hz to 20 kHz with 0.1% THD
and noise.

2.1 Perlormance
Freguency Hesponse: 0.1 oB from 20 Hz to 20 kHz at
1 wail,

Phase Respanse: +5 {0 -15 degrees from 20 Hz 1o 20
ktz at 1 wall

Signal-to-noise: (A-weighted)
Studio Aeference I: Greater than 120 dB below
full bandwidth powser.

Studio Reference H: Greater than 117 dB below
full bandwidth power.

Total Harmonic Distortion (THD}): Less than 0.02% at
rated low-distortion 1 kHz power. Less than 0.1% at
rated full bandwidth power.

intermodulation Distortion (MO} (60 Hz & 7 kHz 4:1)
bandwidth power {0 78 watls rising linearly fo
(1L.025% at 78 milliwatls.

Studio Reference i1 Less than 0.005% from full
bandwidth power to 36 watls rising linsarly to
0.025% at 36 milliwatts.

Damping Fagtor: Greater than 20,000 from 10 Hz o
200 Hz, and greater than 2,500 at 1 kHz.

Grossialk: (AL rated full bandwidth power.)
Studio Heferance 1, Better than 100 o8 from
20 Hz 1o 100 Hz, falling linearly (o better than
70 dB at 20 kHz.
Studio Reference Ii; Belter than 100 dB from
20 Hz 1o 100 Hz, falling linearly to better than
65 dB at 20 kHz,

Gommon Mode Rejection (CMR): Better than 100 B be-
fow rated full bandwidth power from 20 Hz 1o 400 Hz,
rising linearly to better than 70 db at 20 kiz.

Voltage Gain: (With level controls set for maximum out-
put.) At the 26 dB gain setting, 20:1 £3% or 26 dB
+0.25 i,

Studio Heference £ AL 0.775 volt sensitivity,

103:1 212% or 40 dB =1 dB; at 1.4 volt

sensitivity, B7:1 £12% or 35 dB =1 dB.

Studio Aeference H: At D.775 volt sensitivity,

6901 £12% or 37 dB 1 dB; at 1.4 volt sensitivity,

381 £12% or 32 dB x1 dB.

2.2 Power
Power Bandwidih: (At standard 1 kHz power.)

ang -3 dB from 3 Hz to 32.8 k2.

Studio Reference H: -1 dB from & Mz 10 28.6 kiHz
and -3 di from 2.3 Hz to 34 4 kHz,

The following power ralings are for units configured
for 120 VAC, 80 Hz. For information on power specifi-
calions for unils configured for other voltages, see the
reference manual.

Low-Distortion 1 kHz Oulput Power;
Studio Referencel:
Sterec Mode with both channels driven:
1,160 walts per channel into 4 ohms,
760 watls per channsl into 8 ohms.

Bridtge-Mono rmode:
2,220 walls Into 8 ohrns,
1,580 walls into 16 ohms.

Parallei-Mono mode:
2,315 watts inlo 2 ohms.
1,568 watts into 4 ohms.

Studio Reference Il
Stereo Mode with both channels driver:
555 walls per channel into 4 ohms,
355 walls per channel into B ohms.

Bridtige-Mono mode:
1,110 watts inic 8 ohms.,
715 walls into 16 ohms.

Parallelt-Mono mods:

1,115 watls into 2 ohms.
710 walts into 4 ohms.,

Specifications 2-1
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2 Specifications

Standard 1 kiz Dulput Power;
Studio Referencel:
Sterec mode with both channels driven:
1,180 watts per channel into 4 ohms,
800 walls per channel into 8 ohims.

Bridge-Mono mods:
2,375 walls into 8 ohms.
1,595 watls into 16 ohms,

Paraillel-Morno mode:
2350 watts into 2 chms.
1,580 watts into 4 ohms.

Studio Referencell:
Stereo mode with both channels driven;
565 walts per channel into 4 chms,
360 watts per channe!l into 8 ohms.

Bridpe-Mono mode:
1,145 walts into 8 ohms.
720 watls into 16 ohms,

Paraliel-Mono mode:
1,135 watts into 2 ohms.
718 walts into 4 ohms,

Full Bandwidth Dutpet Power: (20 Hz to 20 kHz)
Studlio Referencel:
Stereo mode with both channels driven:
1,075 watts per channel into 4 ohms.
760 watts per channel into 8 ohms.

Bridge-Mono mods:
2,150 walts into 8 chms,
1,535 watts into 16 ohms.

Shudio Reference I

Stereo mode with both channels driven;
495 watts per channe! into 4 ohms.
340 watls per channel info 8 ohms.

Bridge-Mongo mode:
1.020 walts into 8 ohms.
BO0 watts info 16 ohms.

Load Impedanee: Safe with all types of loads. Rated for
4 to 8 ohmsg in stereo mode, 8 to 16 chms in Bridge-
Mono mode, and 2 to 4 obms in Parallel-Mono mode,

Reguired AC Maing: 50 or 60 Hz; 100, 120, 200, 220 or
240 VAC (£10%). Both units draw 80 watls or less al
idte.

Specifications 2-2

2.3 Gontrols
Enable: A front panel push bulton used 1o turn the
amplifier on and off,

Leval: A front panel rotary potentiometer for each chan-
nel with 31 detents, used o control the oulput level.

Steres/Mono: A three-position back panel switch used
to select either Steren, Bridge-Mono or Paraliel-Mono
mode.

Sensitivity: Athres-position switch inside the PLP. com-
partment used 1o select the input sensitivity for both
channels: 0.775 or 1.4 volts for standard 1 kHz powsr,
or 26 dib veltage gain,

Meter On/0: A two-position switch behind the front
panet used 1o turn the front panel meters on or off.

Meter Display Mode: A two-position switch behind the
front pane! used to set the display mode for the front
panel meters. Display modes include dynamic range
of the output signal in dB or output levels in dB.

Ground Lilt: A two-position back pane! switch used to
isolate the input phone jack and AC {chassig) grounds.

Rasel A two-position back panal switch used to reset
the AC mains circuit breaker.

2.4 Indicalors
Emable: This indicator shows the on/off status of the
unit's low-voltage power supply.

Signal: Each channel has a signal indicator that flashes
o show audio output.

106 Each channel has an I0C indicator that flashes if
the output waveform differs from the input waveform
by 0.05% or more. The LEDs act as sensitive distor
tion indicators to provide proof of distortion-free per-
formance. In Parallel-Mono mode the channel 2 1CC
light stays on.

ODEP: Each channel has an QDEPindicator that shows
the channel’s reserve energy status. Normally, the
LEDs are brightly it to show that reserve energy is
available. In the rare event that a channel has no re-
serve, its indicator will dim in proportion to ODEP lim-
iting.
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PDynamic Range/Leve! Meter: Each Channel has a five-
segment meter that displays either the dynamic range
of the output signal In dB or the output level in dB.
{From the factory, the amplifier is set 1o display dy-
namic range.} As dynamic range melers, they show
the ratio of peak 1o average power of each channel,
As output level meters they show how high the output
levels are relalive o standard 1 kbz power.

2.5 Input/Output

Input Gonnector: Two balanced 'a-inch jacks on the
back panel and two balanced three-pin XLR connec-
tors on the factory-installed PLP-FX

input impedance: Nominally 10 K ohms, balanced.
Nominally & K ohms, unbalanced,

Input Seasitivity: Settings include 0.775 volis or 1.4 volts
for standard 1 kHz power, or 28 dB voltage gain.

Gutput Connectors: Two sets of colorcoded B-way bind-
ing posts for each channel (for connecting banana
plugs, sbade lugs or bare wire).

Dutput impedance: Less than 10 milliohms in series with
2.5 microhenries,

DEC Qutpyt Ofset: (Shorted input) =2 millivolts.

2.6 Qutput Signal

Sleren: Unbalanced, two-channel,

Bridge-Mono: Balanced, single-channel. Channel 1
controls are active; channel 2 should be turned down.

Paraliel-Mono: Unbalanced, single-channel. Channel
1 controls are active; channel 2 is bypassed.

2.7 Protection
OPEP: it urweasonable operaling conditions ocour
which could siress the cutput circuitry, the ODEP cir-
cuit fimits the output current level until safe operating
conditions exist.

Transformer: Transformer overheating will result in a
termnporary shut-down due (o a thermal switch in the
transformer primary.

RF Burnout: Controlied slew-rate voltage amplifiers pro-
tect the unit against BRF burnouts,

Inpul: Input overload protection is furnished at the
amplifier input to limit current.

Turn On: The four second turn-on delay prevents dan-
gercus hmn-on transients.

2.8 Construction

Steel chassis with durable black finish, aluminum front
panel with super-gloss Imron finish, Lexan overlay, and
a specially designed flow-through ventilation system
from front 1o side panels.

Gooling: Convection cooling with assistance from the
computerized, on-demand proportional cooling fan.

Dimensions: Standard 19 inch (48.3 cm) rack mount
width (E1A RS-310-B), 7 inch {17.8 cm) height, 18 inch
{40.6 cm) depth behind mounting surface and 2.75 Inch
{7 cm) protrusion in front of mounting surface (see
Fig. 2.1 below). -

7 i
473 oo

B 1 b o ¢
408 4
{408 em) P

Figure 2.1: Studio Reference Dimensions

Approximate Welght: Center of gravity is aboutl 6 inches
(15.2 cm) behind the front mounting surface.

Studio Reference I: 60 pounds, 11 ounces
{27.6 kg) net; 74 pounds, 3 ounces (33.7 kg)
shipping weight.

Studio Reference I1: 56 pounds, 2 cunces
(25.5 kg) net; 69 pounds, 10 ounces (31.6 kg)
shipping weight.

Speciiications 2-3
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Conversion

The Studio Reference Amplifiers can be wired for 100
VAC, 120 VAC, 200 VAL, 220 VAC or 240 VAC opera-
tion. This is made possible by the use of a multitap
fransformer for the high energy powsr supplies. Per-
form the following procedure and refer (o Figures 3.1
and 3.2 fo convert the operating voltage. You may have
to order the approprate circull breaker using the part
number listed in Figure 3.2,

CAUTION: Bocause there Is 2 risk of electric shock, only
an experienced techoician should atlempt to alter the line
voitage configuration,

1. Remove the top cover of the Studio Reference am-
plifier (held on by 8 screws).

2. With the front panel toward you, locate the control
module {front center) and the tab connectors {upper

right hand corner of module).

3. Cut and remove the wire ties to access the jumpers
and wires,

4, Refer 10 Figure 3.1 and make the appropriate
changes for the desirad operating voltage.

5. Install wire ties to dress the wires above the con-
nections.

8. Note the 60 Herlz/50 Herlz switch on the left hand
side of the module and change, if necessary, for the
operating line frequency.

7. Refer to Figure 3.2 and change the Circult Breaker if
necessary.

8. On the rear of the unit, change the line cord tag to
read the correct voltage. This is on the lower right hand
side of the rear panel, just above the serial tag.

9. Reassemble the unit.

SPECIFIC VOLTAGE WIRING
VOLTAGE | JUMPER gi?@ gﬁé{
100V PRE 14 P16 =17
120V Peb6-—P15 P16 P18
200V P14-—P18 P13 Py
220V P18 18 P13 P17
240V P15wP186 P13 P18

Figure 3.1 Specific Voltage Wiring

CIRCUIT BREAKER SELECTION

100V, 120V

200V, 220V, 240V

REF 1 30 AMP, C 7756-7

20 AMP, C10193-8

REF 2

20 AMP, C10193-8

10 AMP, C10192-0

Figure 3.2 Circult Breaker Selection

Voltage Conversion 3-1
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Theory

4.1 Overview

it should be noted that over time Crown makes im-
proverments and changes o their products for various
reasons. This manual is up to date as of the time of
writing. For additional information regarding these
amplifiers, refer to the applicabie Technical Notes pro-
vicled by Crown for this product.

This section of the manual explains the general op-
eration of a Crown Studio Reference power amplifier.
Topics covered include Front End, Grounded Bridge,
ODEP and others. Due to variations in design from
vintage to vintage (and similarities with other Crown
products) the theory of operation remains simplified.

POSITIVE
b WVOLTAGE b VA HIGH SIDE
TRANSLATOR 1 DUTPUT
NP STAGE
, ERROR
BGS V&GS N
o OUTPUT —
B ors | EMUCATION s
INPUTS '
] PROTECTION SERVO
NEGATIVE
NOLTAGE VA HIGH SIDE
B rpansiaton | 4 OUTPLT
PNP STAGE
MAIN NEGATIVE FEEDBAGK (NFb) LOOP

POSITIVE
T LOW SIDE
| OUTPUT
NN STAGE
LOW BIDE
P BIAS #_m
HODE
STHING
NEGATIVE
INVERTING LOW SIDE
BRIDGE % OUTPUT
BALANCE PNP STAGE

Figure 4.1 Simplified Studic Reference Block Diagram

Circuit Theory 4-1
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4.2 Features

Studio Reference amplifiers utilize numerous Crown
innovations, including grounded bridge and ODEP
technologies. Cooling technigues make use of what is
essentially air conditioner technology. Air flows bottom
to top, and front to side. Air flows a short distance
across a wide heatsink. This type of air flow provides
significantly betler cooling than the “wind tunnel” tech-
nology used by many other manufacturers, Quiput
transistors are of the metal can type, rather than the
plastic case style. This allows for a significantly higher
thermal margin for the given voltage and current rat-
ings. Al devices used are tested and graded to en-
sure rmaximurm reliability. Ancther electronic technigue
used is negative feedback. Almost all power amplifi-
ers utilize negative feedback 1o control gain and pro-
vide stability, but Crown uses multiple nested feed-
back loops for maxdmum stability and greatly improved
damping. Studio Reterence amplifiers have damping
in excess of 20,000 in the bass frequency range. This
feedback, along with our compensation and ultra-low
distortion output topology, make the Crown Studio Ref-
erence amplifier superior.

Features specific to the Studio Reference include: A
high power toroidal transformer, Computer controled,
variable speed, whisper quiet fan; Bullt in AC power
filter; Soft start circult to control inrush current; Full ov-
ervoitage and internal fault protection, This ampli-
fier can operate in either Bridged or Parallel Mono mode,
as well as in Dual (stereo) mode. A sensitivity switch
allows selection of input voltage required for rated out-
put. Level controls are mounted on the front panel and
are of the rotary type. Front pansl indicators et the
user know the status of amplifier enable, GDEP, signal
presence (SP1), and distortion (10C). Also included on
the front pane! is a five-segmet display for sach chan-
nel which displays either dynamic range in dB or out-
put level in dB.

For additional details refer to the specification section,
orto the applicable Reference Manual,

4.3 Front End Operation

The front end is comprised of three stages: Balanced
Gain Stage (BGS), Variable Gain Stage (VGS), and
the Error Amp. Figure 4.2 shows a simplified diagram
of the front end and voltage amplification stages.

4.3.1 Balanced Gain Slage (BGS)

Input to the amplifier is balanced, The shield from the
1/4” inputs may be isolated from chassis ground by

Circuit Theory 4-2

an RC network to interrupt ground loops via the Ground
Lift Switch. The non-inverting (hot) side of the balanced
input is fed to the non-inverting input of the first op-
amp stage. The inverting (negative) side of the bal-
anced inputis fed to the inverting input of the first op-
amp stage. A polentiometer is provided for common
moede rejection adiustment (R512). Electrically, the BGS
i8 at unity gain. (From an audio perspective, however,
this stage actually provides +6dB gain if a fully bal-
anced signal is placed on its input.) The BGS s a non-
inverting stage. it's ouiput is delivered to the Variable
Gain Stage.

4.3.2 Variable Gain Slage (VGS)

From the output of the BGS, the signal goes 1o the
VGES, where gain is determined by the position of the
Sensitivity Switch, and level s defermined by the level
control, VGS s an inverting stage with the input being
fed toits op-amp stage. Because gain after this stage
is fixed at 26 dB (factor of 20), greater amplifier sensi-
tivity Is achieved by controlling the ratio of feedback
to input resistance. The Sensitivity Switch sets the in-
put impedance o this stage and varies the gain such
that the overall amplifier gain is 26 dB, or is adjusted
appropriately for 0.778V or 1.4V input to attain rated
output, .

4.3.3 Error Amp

The inverted output from the VGS is fed t© the non-
inverting input of the Error Amp op-amp stage through
an AC coupling capacitor (C100) and input resistor
{R101), Amplifier output is fed back via the negative
feedback (NFD) loop resistor (R103). The ratio of feed-
back resistor to input resistor fixes gain from the Error
Amp input 1o the output of the amplifier at 26 dB. Di-
odes {2108, D122) prevent overdriving the Error Amp.
Because the Error Amp amplifies the difference be-
tween inpul and cutput signals, any difference in the
two waveforms will produce a near open loop gain
condition which, in turmn, results in high peak output
voltage. The output of the Error Amp, called the Error
Signal (ES) drives the Voltage Translators,

4.4 Voitage Amplification

The Voltage Translator stage separates the oulput of
the Error Amp inlo balanced positive and negative
drive voltages for the Last Vollage Amplifiers (LVAs),
translating the signat fror ground referenced 15V 1o
=Voo reference. LVAs provide the main voltage ampli-
fication and drive the High Side output stages. Be-
cause there is a slight logs of gain in the translator
stage, the gain after the translator is a factor of 25.2.
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4.4.1 Voltags Transiaiors

A voltage divider network splits the Error Signal (ES)
into positive and negative drive signals for the bal-
anced voltage translator stage. These offset reference
voltages drive the input to the Voltage Transiator tran-
sistors ((H01, Q102). A nested NFb loop from the out-
put of the amplifier mixes with the inverted signal riding
on the offset references. This negative feedback fixes
gain and adds stability in the gain stages. The Voltage
Translators are arranged in a common base configu-
ration for a non-inverting signal with equal gain. They
shift the audio from the + 15V reference to VCC refer-
ence. Thelr outputs drive their respective LVA.

Also tied into the Voltage Translator inputs are ODEP
fimiting fransistors (G100, Q103) which also act as
muting transistors, The ODEP transistors steal drive
ag dictated by the CGDEP circuitry or shunt the audio
as dictated by the fault circuit.

4.4.7 Last Voltage Amplifiers (L¥As)

The Vollage Translator stage channels the signal fo
the Last Voltage Amplifiers (LVAs} in a balanced con-
figuration. The +LVAs ((Q105/104) and -LVAs (Q110/
1113, with their push-pull effect through the Bias Servo,
drive the fully complementary output stage. The LVAg
are configured as common emitier amplifiers. This con-
figuration provides sufficient voltage gain and inverts
the audio. The polarity inversion is necessary to avoid
an overall polarity inversion from input jack to cutput
jack, and it allows the NFb foop to control Error Amp
gain by feeding back 1o its non-inverting input {with its
polarity opposite to the ouiput of the VGB). With the
added voltage swing provided by the LVAs, the signal
then gains current amplification through the Darlinglon
emitter-follower output stage.

u%ocym';\\ + N
i:pits c»—J; /yll>‘k[

1BV

NFb Loop
NGO
Voltage y
Transialors J
71T 05
= eo . A J ey NPN OLtpUts (+HS)
ié T ! &moz
s A{Qm R \{ | O PNP Outputs (HS)
2 - " 110
5 5
(&I
© NOC

1

f LVA's

s

QDEP

Figure 4.2 Simplitied Amplifier Front End and Voltage Amplification Stages
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4.5 Grounded Bridge Topology

Figure 4.3 is a simplified example of the grounded
bridge output topology. It consists of four quadrants
of three deep Darlington (composite} emitter-foliowsr
stages per channel: one NPN and one PNP on the
High Side of the bridge (driving the load), and one
NPN and one PNP on the Low Side of the biridge {(con-
trolling the ground reference for the rails). The output
stages are biased to operate class AB+B for ultra low
distortion in the signal zero-crossing region and high
efficiency.

4.5.1 High Side (HE)

The High Side (H3) of the bridge operates much like a
conventional bipolar push-pull output configuration. As
the input drive voltage becomes more positive, the
HS NPN conducts and delivers positive voltage to the
load, Eventually the NPN devices reach full conduc-
tion and +Voc is across the load. At this time the HS
PNP is biased off. When the drive signal is negative
going, the HS PNP conducts 1o deliver -Voc 1o the load
and the HS NPN stage is off.

The output of the +LVA drives the base of the predriver
device. Together, the predriver and driver form the first
two parts of the three-deep Darlington and are biased
class AB. They provide output drive Huough the bias
resistor, bypassing the output devices, at levels be-
fow about 100mW. An RLC network between the
predriver and driver provide phase shift compensa-
tior and limit driver base current 1o safe levels. Output
devices are biased class B, just below cutoff. At about
100mW output they switch on to conduct high current
to the load. Together with predriver and driver, the out-
put device provides an overall class AB+B output.

The negative half of the HS is almost identical 1o the
positive half, except thal the devices are PNP. One
difference is that the PNP bias resistor is slightly greater
irn value so that PNP output devices run cioser (o the
cutoff level under slatic (no signal) conditions. This is
because PNP devices require greater drive current,

HS bias is regulated by Q18, the Bias Servo. Q18isa
Vbe multiplier which maintains approximately 3.2V Vee
under static conditions. The positive and negative
halves of the HS output are in parallsl with this 3.2V,
With a full base-emitter on vollage drop across
predrivers and drivers, the balance of voltage resulls
in approximately .3V drop across the bias resisiors in
the positive half, and about .8V across the bias resis-
tor in the negative hall. Q18 conduction {and thus blas)

Circudt Theory 4-4

is adjustable.

A giode string prevents excessive charge build up
within the high conduction output devices when off.
Flyback diodes shunt back-EMF pulses from reactive
loads 1o the power supply to protect output devices
from dangerous reverse vollage levels. An output ter-
minating circuit blocks BF on output lines from enter-
ing the amplifier through s output connectors,

4.5.2 Low Side (18}

The Low Side (L.8) operates quite differently. The power
supply bridge rectifier is not ground referenced, noris
the secondary of the main transformer. In other words,
the high voltage power supply floals with respect to
ground, but £Vec remain constant with respect to each
other. This aliows the power supply to deliver +Voo
and -Voo from the same bridge rectifier and filter as a
total difference in potential, regardiess of thelr voltages
with respect to ground. The LS uses inverled feed-
back from the HS cutput to control the ground refer-
ence for the ralls (#Vee). Both LS quadrants are ar
ranged in a three-deep Darlington and are biased
AB+B in the same manner as the HS,

When the amplifier output swings positive, the audio
is fed to an gp-amp stage where it is inverted. This
inverted signal is delivered directly to the bases of the
positive (NPN) and negative (PNP) LS predrivers. The
negative drive forces the LS PNP davices on (NPN
off). As the PNP devices conduct, Vee of the PNP
Darlington drops. With LS device emitters tied to
ground, -Veo is pulied toward ground reference, Since
the power supply is not ground referenced {(and the
fotal voltage from +Vee to -Veo is constant) +Voo is
forced higher above ground potential. This continues
until, at the positive amplifier oulput peak, Voo = OV
and +Veo equals the total power supply potential with
a positive polarity. In the Relerence 1, for example,
the power supply produces a total of 144V from rail to
rall (£72VDC measured from ground with no signat},
therefore, the amplifier output can reach a posilive peak
of + 144V,

Conversely, during a nagative swing of the HS cutput
where HS PNP devices conduct, the op-amp would
output a positive voltage forcing LS NEN devices to
conduct. This would result in +Vee swinging toward
ground potential and -Vco swinging further from
ground potential. Atthe negative amplifier output peak,
+Veo = OV and -Veo eguals the total power supply
potential with a negative polarity. Using the same ex-
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ample as above, a 144V supply would allow a nega-
tive output peak of -144V. In summary, a power sup-
ply which produces a total of 144VDC rail to rail {or
x72VDC statically) is capable of producing 288V
peak-to-peak at the amplifier output when the
grounded bridge topology is used.

The total eflect is to deliver a peak 1o peak voltage to
the speaker load which is twice the voltage produced
by the power supply. Benefits include full utllization of
the power supply (it conducts current during both
halves of the output signal, conventional designs re-
guire two power supplies per channel, one positive
and one negative), and never exposing any output
device to more than half of the peak (o peak output
voltage (which does ccowr in conventional designs).

Low side bias is established by the same method as
high side bias. Q00 is the bias transistor. Bias is ad-
justable via potentiometer. Fiyback diodes performthe
same funclion as the HS flybacks. The output of the
LS is tied directly o chassis ground via ground strap.

4.6 Output Device Emulation Protection (ODEP)
To further protect the output stages, a specially devel-
oped ODEP circuit is used. It produces a complex
analog output signal, This signal is proportional to the
atways changing sale-operating-area margin of the

output transistors. The ODEP signal controls the Volt-
age Translator stage by removing drive that may ex-
ceed the safe-operating-area of the output stage.

CDEP senses output current by measuring the volt-
age dropped across LS emifter resistors. LS NPN cur-
rent {negative amplifier output) and +Vec are sensed,
then multiplied to obtain a signal proportional to out
put power. Positive and negative ODEP voltages are
adjustable via two polentiometers. Across +ODEP are
a PTC and a thermal sense (current source). The PTC
is essentially a cutoff switch that causes hard ODEP
limiting if heatsini temperature exceeds a safe maxi-
murm, regardless of signal level. The thermal sense
device causes the differential between +ODEP and -
ODEP to decrease as heatsink lemperature increases.
Anincrease In positive output signal into a load will
result in ~CDEP voltage dropping; an increase in nege-
tive oulput voltage and current will cause +ODEP volt-
age 1o drop. A complex RO network between the
+ODER circuitry s used 1o simulate the thermal barri-
ers between the interior of the oulput devics die (im-
measurable by normal means) and the time delay from
heat generation at the die until heat dissipates to the
thermal sensor. The combined effects of thermal his-
tory and ingtantaneous dynamic power level result in
an accurate simulation of the actual thermal condition
of the output transistors,

Voo (Positive Hail)
R

HIGH SIDE

Load

{apeaker) %
inverting (};} amp

Voo (Megative Fail)

Figure 4.3 Simplified Grounded Bridge
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4.7 Control Gircuitry

The Reference amplifiers have fault protect circuitry
to guard against dangerous DO voltages and turn on/
off transients, At the heart of this cireultry is the win-
dow comparator U102, The fan control circult moni-
tors the thermal conditions, via the ODEP cireult, and
regulates the fan speed accordingly.

4.7.1 BC/LF Protect

The amplifier cutput signal is passed through a low
pass filter (R184, C119, R186 and C107) to the win-
dow comparator ({J102). if the DC component ex-
ceeads a predetermined level, the output of the com-
parator (pins 1 and 2) goes low. The result is U102
pirt 13 going to a high state which turns on the muting
transistors and disables the high energy supply by
opening the relay K2.

4.7.2 Fault Cirenit

The fault circultry is designed o mute the audio and
disable the high energy supply in the event of an out-
put faull. A faultis defined as any time in which the
output semiconductors, in both the negative and posi-
tive sections, draw excessive currents,

The low side of bridge fault detection consists of G128,
Q129 and Q130 1f both NPN and PNP output devices
are conducling excessive currents, the output of U102
{pin 13} is forced high, This disables the high energy
supply and mutes the audio path.

The high side of bridge fault detection consists of
Q126, Q127 and U101, This circuit compares the NFN
and PNP drive to the fsedback signal, giving a repre-
sentation of output device current. If excessive cur-
rert occurs, the window comparator U102 is friggerad
through the opto isolator U101

4.7.3 Turn On Delay

During power up, the capacilor C110 is charging,
which causas the non-inverting input (pin 10} of U102
o be low and the output (pin 13} o be high, With pin
13 high, the high energy rails are disabled by the re-
lay K2, and the audio is muted by the muting transis-
tors. After approximately 4 seconds, C110 is fully
charged and pin 10 is pulled high, thus causing pin
13 1o go low and the amplifier to come out of standby.

4.7.4 Fan Control

The Fan Control Signalis taken from the positive ODEP
bias voltages. Both channel 1 and channel 2 ODEP
voltages are combined to create the fan control sig-

Circuit Theory 4-6

nal. As the output ransistor/heatsink increases in tem-
perature, the ODEP voltage level will drop from
+10VDC to near QVDC, If there is a drop in one or
both ODEP voltages it will cause the fan control sig-
nal to change. The fan control signal starts out around
-12.5VDC, and after complete ODEP limiting, ends
up at +12.5VD0. This voltage is fed into the inverting
input of the op-amp U1B. The initial cutput of U1B is
high (+24V}, and as the fan control signal becomes
more positive, this output will become low, thus turn-
ing on the fan accordingly. The output of U1B drives
U4, an opto-riac, which in turn drives Q4, a triac in
the AG supply for the fan.

The Gating Signalis fed into the non-inverting input of
the op-amp U1H. This gating signal is a product of
UtA, QF, and the Fan Enable signal from the display
module. C12 and R18 form an RC timing circuit that,
from the +15V supply, begins to charge. UTA moni-
tors the line voltage wave form and is a OV crossing
detector. Every time the line waveform crosses OV, Q3
is turned on and discharges C12. This causes a ramp-
ing type waveform. The higher positive portion of the
waveform is used to turn off the oplo-triac, even when
the fan control signal tself is of a value to turn on the
fan. Therelore, the fan control current has a duty cycle.

The Fan Enable signal comes from the display mod-
ule and holds the Gating Signal high when the ampli-
fier is in standby. Therefore the fan will not turn when
the ampilifier is in standby.

4.8 Power Supply

At the heart of the power supply is & multi-tap torroidal
power transformer, There are two ungrounded, high
energy, secondary windings, one for each ¢channel,
and there is one low voltage winding for the 24V sup-
plies. There is also a thermal cut off switch built into
the transformer which will disable the secondary wind-
ings in the event of the transformer overheating.

4.8.1 AC Line Filter

D24 and D25 are in the AC primary. They are wired
such that they null cut any DO component in the AC
power, This is done because the torriodial transformer
may develop a mechanical buzz ¥ there is any DO
shift in the AC waveform applied fo the transformer
primary,

4.8.2 Soft Stant
Due to the high inrush current that is possible with the
torroidal transformer, a Soft Start Circuit has been in-
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corporated into the amplifier. This circult allows the
transformer 10 be energized before full power is ap-
piied to it. When power is first applied to the amplifier,
K1 is open, and power is applied o the transformer
through the PTC R1. As current is drawn through R1 it
heats up and the resistance lowers, This allows the
power o the transformer to ramp up. When the 24V
supply is enough to energize the relay K1, it closes
and power is applied directly to the transformer.

4.8.3 Over Vollage Protection

U1D serves as a window comparator for the purposs
of over line voltage control. In the event that the line
voltage exceeds 10% over the rated line voltage, the
high energy power supplies are disabled. B7 sup-
plies the regulated +15V 1o pin 10 ot U1D and serves
as the window reference level. With pin 10 iIn control
of U1, the output {pin 13} has a logic low which is
applied across D13 and D14, This prevents conduc-
tion and allows Q1 to remain on, which thus allows K2
fo remain energized

Resistors'H3, H4, H5 and HE serve as a resistor drop-
ping network from the unregulated +24Y supply to
ground. As the line voltage increases, the unregulated
supply will increase. The voltage level on the wiper of
A4 is appliedto Pin 11 (non-inverting input). When the
ievel exceads the window level of pin 10, the circuit
switches states, This allows D18 and D14 to conduct,
placing a logic high on the base of Q1. This, in turn,
biases off Q1 and de-energizes K2.

4.9 Display Gircuitry

4.9.1 106

U3A and U3B serve ss a voltage comparator with R13,
15 and R17 as the resistor dropping network. Pin 7
has a window level of +7V and pin 4 has a window of
-7V, UBA and U3B have a logic high which turmns off
Q1 and the 1OC LED E1. When the error signal from
the error amp appears, the 7V window is overcoms
and switches the state of UBA and U3B. Q1 is then
biased on and the 10C LED, E1, Hluminates. The ca-
pacitor C27 makes sure the LED is it long enough for
the hurman eye 1o see it

4.9.2 DOEP

D on the display module is the current source for
the ODEP LED E15 Under normal operating condi-
tions pin 14 of U1D is a negative voltage. This allows
D7 to conduct and E15 to luminate. As the ODEP
signal drops to the point where ODEP limiting takes

place, Pin 14 becomes less negative and the LED
begins o fade.

UEC is a comparator and switches its output high when
the channel is in standby. This keeps D7 from con-
ducting and the LED from illuminating when the chan-
net s in standby.

4.9.3 Signal Indication
Incorporated on the display module are three modes
of signal indication.

SPHSignal Presence Indication)

U1A and D3 serve to rectily the amplifier output sig-
nal. U1B takes this rectified signal and drives the LED,
E3, which iluminates any time there is signal present
at the cutput of the amplifier channel.

Dynarmic Range

With the switch 81 in the Dynamic position, this recti-
fied audio signal is placed on the inverting inputs of a
sequence of window comparators. This signal is recti-
fied but unfiltered, therefore it containg the peak value
of the audio waveform, UZC, U3D, UBA, USE and UsD
serve as the current sources for the five Dynamic
FHange LEDs. R29, R31, R33, R35, A37 and R39 pro-
vide a resistor dropping network for the inverting in-
puts to the LED drivers,

This same rectified signal is placed on the non-invert-
ing inputs via the filtering function of C3 and the op-
amp, WG, This filtered signal is of an RMS value. With
the non-inverting inputs receiving the RMS value, and
the inverting inputs receiving the peak value, the out-
put of each LED comparator eguals the dynarmic
range of the signal.

Output Level

With the switch, S1, in the Level position, the peak
signal is still placed on the inverting inputs of the com-
parator drivers. A small DC level is placed on all of the
non-inverting inputs. This DC level serves as a cali-
brated reference for comparators. R78 calibrates the
display balance between the two channels of the am-
plifier.
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5.1 General Information

The following test procedures are to be used to verify
operation of this amplifier. DO NOT connect & load or
inject a signal unfess directed to do so by the proce-
dure. These tests, though meant for verification and
alignment of the amplifier, may also be very helpful in
troubleshooting. For best results, tests should be per-
formed in order.

All tests assume that AC power is from a regulated
120 VAC source. Test equipment includes an oscillo-
scops, a DMM, a signal generator, loads, and LMD,
and TH.D, nolse test equipment.

5.2 Standard Initial Conditions

Level controls fully clockwise.

Sterso/Mono switch in Stereo.

Sensitivity switch in 26 ¢B fixed gain position.

it is assumed, in each step, that the conditions of the
amplifier are per these initigl conditions unless other-
wise specified.

5.3 DC Offset

Spee: QVDC, 22 mv.

Initial Conditions: Controls per standard, inputs shorted,
Procedura: Measure DC voltage at the output connec-
tors (rear panel). There s no adjustment for output off-
set. If spec is not met, there is an electrical maifunc-
tion. Slightly out of spe¢ measurement is usually due
to U104/U204 out of tolorance.

5.4 Output Bias Adjustment

Spee: 300 to 320 mvDC,

{nftial Conditions: Controls per standard, heatsink tem-
peraturs less than 40°C.

Procedure; Measure DC voltages on the output mod-
ule across HOZ, adjust H26 if necessary, Measure DO
voltages on the output module across R21, adjust H23
if necessary. Repeat for second channel,

5.5 ODEP Voltage Adjustment

Spee: Bias Per Chart, 0.1V DC.

Initial Cenditionz: Controls per standard, heatsink at
room temperature 20 1o 30°C (68 to 86°F). Note: This
adjustment should normally be performed within 2
minutes of wrn on from ambient {cold) conditions. if
possible, measure healsink temperature; if not, mea-
sure ambient room temperature. Use this information
when referencing the following chart,

°F °C V. ouee V. opep
66 i8g 1031 10.31
68 200 ~10.26 10.26
70 211 -10.20 10.20
7e 222 1014 1014
74 233 -10.09 10.0¢
76 24.4 -10.03 10.038
77 250 -10.00 10.00
78 256 -8.97 9.97
&) 267 -89 9.9
82 278 -9.88 9.86
g4 2889  ~8.80 9.80
BG 3040 -8.74 8.74
84 314 ~8.69 9.68
90 322  -8.83 8.63
92 333  -8587 857
94 344 851 9.51

~ODEP Procedurs: Measure pin 3 of JB00 and, if neces-
sary, adjust R121to obtain V. as specified above.
Measure pin 3 ot J700 and, if necessary, adiust R221
o obtain V.. as specified above.

+DUEP Provedure: Measure pin 4 of JA00 and, if neces-
sary, adjust R132 to obtain V_... as specified above.
Measure pin 4 of J700 and, if necessary, adjust R232
to obtain V.. as specified above.

5.6 AC Power Draw

Spae: 70 Watls maximum guiescent.

Initial Conditions: Controls per standard.

Pracedure: With no input signal and no load, measure
AL line wallage draw. If current draw is excessive,
check for high AC line voltage or high bias voltage.

5.7 High Line Cutout

Epec: Unit goes info standby when the AC line voltage
goes 10% to 12% above nominal.

Initial Conditians: Controls per standard.

Prosedure: No load, no signal. Bring up AC line volt-
age with a variac 10% to 12% high. For 120VAC units
this is 132VAC to 134.4VAC. Unit should go into
standby. Adjust R4 on the control module if neces-
sary.

5.8 Common Mode Rejection

Spet: >70 0B at 1 kHz,

Initial Conditions: Controls per standard.

Procedure: No load. Inject a 0 dBu (. 775VRMS), 1 kHz
sine wave into each channel, one channel at a time,
with Inverting and non-inverting inputs shorted to-
gether. Adjust BB12 (Cht) and R&12 (Ch2) for less
than 4.9mVHEMS {-44 dBu) at the amplifier output,

Electrical Checkout 5-1
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5.9 Voltage Gain
Spec 2608 Gaim: Gain of 20.0 £3%.
Spec B.775Y Sensiivity; REF | —Gain of 100.65 £3%.
REF 1 —Gain of 68.28 +3%.
Spee 1.4V Sensilivity: REF | —QGain of 85.71 £3%.
REF H —Gain of 37.80 +3%.
Initial Conditions: Controls per standard.
26 4B Proeedwre: Inject a 0.775 VAT 1 kHz sine wave
with the Sensitivity Switch in the 26 dB position. Mea-
sure 18.58 VAC 20.5 VAT at the amplifier output,
0775V Procedure: Inject a 0.775 VAC 1 kHz sine wave
with the Sensitivity Switch in the 0.775V position. REF
I measure 78 VAC, 2.3 VAC, at the amplifier output,
REF Il measure 52.8 VAC, 21.6 VAC, at the amplifier
OLARDUL
1.4V Progedure: Inject a 1.4 VAC 1 kHz sine wave with
the Sensitivity Switch in the 1.4V position. REF | mea-
sure 78 VAC, 22.3 VAL, at the ampiifier output. REF I
measure 52.9 VAC, 1.6 VAC, at the amplifier output.

5.10 Level Controls

Spee: Level controlied by level controls,

Initial Conditions: Controls per standard.

Procedure: No Load. Inject a 1 kHz sine wave. With
ievel controls fully clockwise you should see full gain,
As controls are rotated counterclockwise, observe simi-
lar gain reduction in each channel. When complete,
return level controls 1o fully clockwise position,

5.11 Current Limit

Spec: REF | —Current imit at 43 amps, 3 amps.
REF H —Current limit at 30 amps, £3 amps.

Initial Conditions: Controls per standard.

Procedurs: Load sach channel tc 1 Chm. Inject a 1

kHz differentiated (or 10% duly cycle) square wave.

See Figure 5.1, Increase output level until current lim-

iting accurs. Refer to Figure 5.2 for wave form,

REF I will limit (clip) at 43 voli peak, =3 volis.

REF H will imit (clip) at 30 volt peak, +3 volts,

Out

1K Ohun

Figure 5.1 Differentiator Cireuwit
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Figure 5.2 Differentiated Square Wave

5.12 Slew Rate & 10 kHz Square Wave
Spec: REF | —23 23 V/uS.

REF it —18 23 V/S.
Initial Gonditians: Controls per standard.
Procedure: Load each channel to 8 ohms. Inject a 10
kHz square wave at a level of 2 10 5 volis below clip.
Observe the slope of the wavelorm and calculate the
slew rate. Any ringing must die out In less than 1/4 of
the period, and its amplituds must be less then 2% of
the waveform amplitude. See Figure 5.3.

Figure 5.3 10 kHz Square Wave
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5.13 Crosstalk

Spee: -60dH at 20 kHz,

Initial Conditions: Controls per standard. Terminate in-
put of channel not driven with 600 ohms.

Procedure: 8 ohm load on each channel. Inject a 20
kHz sine wave into the channel 1 input and increase
output level to full power (REF | =78 VAC, REF 1 =52
VAC). For REF | measure less than 78 mVAC at the
output of channel 2. For REF | measuwre less than 52
mVAC at the output of channel 2. Repeat by injecting
the signal info channel 2 and measuring channel 1.

5.14 Output Power

For 120V 60Hz units:

Spee a1 8 Ohm Sleren: REF | 2 780W a1 0.02% THD.
REF I = 355W at 0.02% THD.

Spec at 4 Ohm Sterso: REF | = 1160W at 0.02% THD.
REF I} = 655W at 0.02% THD,

For international 50Hz units:

Spec 2t 8 Obm Steren: REF 1 = 750W at 0.1% THD.
REF 1l = 356W at 0.1% THD,

Spec at 4 Obm Steren: REF | 2 1095W at 0.1% THD.
REF 11 2 836W at 0.1% THD.

Initial Conditions: Controls per standard.

Procedure: Load each channe! to 8 ohms. Inject a 1

kHz sine wave and measure ocutput power, at speci-

fied THD, with both channels driven.

Next, load each channel 1o 4 ohms, Injecta 1 kHz sine

wave and measure output power, at specified THD,

with both ¢hannels driven.

5.15 Reactive Loads

Spec: No oscillations. Safe with all types of loads.
Initial Conditions: Controls per standard.

Procedure Capacitive: Load each channel to 8 ohms in
parallel with 2 pF Inject a 20 kHz sine wave. REF |
output lavel = 45 VAG, REF Il output level = 30 VAC.
Drive load for 10 seconds. No oscillations.

Procedure Inductive: Load each channel to 8 chms in
parallel with 159 uHenries. Inject a 1 kMz sine wave.
REF Houtput level = 36 VAC. BREF I output level = 28
VAC. Ses Figures 5.4 and 5.5 for typical waveform
shapes. Test duration is 5 seconds.

Procedure Torture: Load each channel with the primary
{red and black leads) of a PSU transformer (D 7040-
5. Inject a 20 Hz sine wave into each channel. REF |
output level = 40 VAC. BREF H output leve! = 37 5 VAC.
Observe 3 o 7 flyback pulses in both polarities, Test
duration is 10 seconds. See Figure 5.6 for typical
wavelorm shape.

Procedure Shorl: Inject a 60 Hz sine wave. REF | out-
putlevel = 40 VAC. REF H output level = 28 VAC. After
establishing signal, short the output for 10 seconds.

Figure 5.4 Inciuctive Load Cold

Figure 8.5 inductive Load Warm

Electrical Checkout 5-3
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Figure 5.6 Torture Test Waveform

5.16 ODEP Limiting

Spee: No oscillation on ODEP Limiting wave form.
ODEP LED dims and is out as the amplifier starts ODEP
limiting. Either channel controls imiting in Parallel Mono
Mode.

Initial Conditions: Controls per standard; rag or other
obstruction blocking fan so that it does not turm.
Procedure: Load the amplifier 1o 4 ohms on each chan-
nel. Inject a sine wave with the same frequency as the
AC power line. REF | cutput level = 40 VAC, REF I
output level = 28 VAT, After a few minutes observe a
wave form similar to Figure 5.7. Remove the input sig-
nat from both channels and allow the amplifier to cool
for a few minutes. Switch the amplifier to Paralle! Mono
and remove the load from channel 1. Inject the signal
into channel 1 and observe that ODEF limiting ocouwrs
at the output of both channels. Remove the load from
channel 2, and install the load on channel 1. Again,
observe that both channels limit. Return all amplifier
contrais to standard initial conditions. Remove the fan
ohstruction.

Elsctrical Checkout 5-4

Figure 5.7 QDEFP Limilting Waveform

9.17 Mute and Turn On Delay

spen: Clamps signal; 3 to § second turn on delay.
Initial Conditions: Controls per standard,

Progedure: No load. Inject a 1 kHz sine wave into both
channels. Observe the oulput signal with an oscillo-
scope. Turn the ampiifier off with the front panel switch.
The amplifier should clamp the signal, not allow it to
decay with the power supplies. Turn the amplifier back
onand chserve the 3 to 5 second delay before it comes
back out of standby. Note that both channels may not
come out of standby at the exact same time.

5.18 Low Freguency Protection

Spee: Amplifier mutes for low frequency.

Intilal Conditions: Controls per standard.

Provedure: No load. Inject & 0.5 Hz 12 volt peak-to-
peak square wave, or a 1 Hz 17 V peak-io-peak sine
wave into each channel, one channel at a time, and
verify that the channet driven cycles into standby. Once
in standby, it will ry to cyele out of standby every 3 1o
5 seconds.
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5.19 Signal to Noise Ratio
Spec: REF 1 120 dB, A weighted.

REF {1 117 dB, A weighted.
Indtial Condgitions: Controls per standard. Short inputs.
Procedure: Load each channel to 8 ohms. For REF |
measure less than 78uV at the output of each chan-
nel. For BEF | measure less than 740V al the oulput
of each channel.

5.20 Intermodulation Distortion

Spac at 6 4B Duiput {(Full Power): 0.008%.

Spec at 35 db Dutpul: 0.02%.

Initial Gonditions: Controls per standard.

Procedure: Load each channel to 8 ohms. Inject a
SMPTE standard IM signal (60 Hz and 7 kHz sine wave
mixed at 41 ratic). For REF | set the 80 Hz portion of
the sine wave for 82 voits RMSE output. For REF [ set
the 60 Hz portion of the sine wave for 41 volts RMS
output. Setthe 7 kHz portion 10 25%. With an IM ana-
tyzer measure less than 0.005% IMD. Hepeal test at -
35 dB and measurs less than 0.02% IMD.

5.21 LED Functions

Enable LED: On when power is applied and front panel
switch is engaged,

Signal LED: On with signal at output of amplifier.

100 LED: On when THD reaches approximately 0.05%.
GDEP LED: Dims and goes out as the ampiifier starls to
ODEP limit,

5.22 Display Set-Up

Spec: Ladder displays balance each other; indicators
Huminale at oulput voltages per chart below.

Initial Conditions: Controls per standard. Meter Mode
Switch in the Cutput Level position.

Procedure: With the display set to read output level in-
ject a 1 kHz sine wave into both channels of the ampii-
fier. Adjust the level so that the —10 dB3 LEDs puise on
and off. Adjust R78 on the display board untit the Ch 1
and Ch 2 -10 di3 LEDs pulse at the same frequency.
Note: The complete front panel neseds to be disas-
sembled in order to access the display board.

Next, verily that each ingicator lluminates per the chart
below,

Level Indicator Quiput Yoltage
-20 dB 6.95 - 8.75 VAC
~15 B 12.36 - 15.56 VAC
-10 dB 21.90 - 27.67 VAC
-5 dB 39.09 - 49.21 VAC

0dB 69.51 - 87.51 VAC

5.23 Turn On Transients

Spee: No dangerous fransients.

nitial Condiiens: Controls per standard.

Procedure: From an off condition, turn on the amplifier
and maonitor the output noise at the time of turm on.
Note: Turn on noise may increase significantly if the
amplifier is cycled off and on.

5.24 Turn Off Transients

Spee: No dangerous transients,

initial Conditions: Controls per standard.

Progedure: From an on condition, turn off the amplifier
and monitor the output noise at the time of turn off.
Note: Turn off nolse may increase significantly if the
ampiifier is cycled off and on.

5.25 Post Testing

After completion of testing, if all tests are satisfactory,
the amplifier controls should be returned 1o the posi-
tions required by customer. If conditions are unknown
or unspecified, factory settings are as follows:

Leve! Controls: © to 11 O'Clock.

Sensitivily Swilch: 0.775V U.S., 1.4V International.
Stersc/Mono Swileh: Stereo.

Weter Switel: On.

Meter Mode Swilth: Dynamic.

Ground Lif: Lt

Power: O

Flectrical Checkout 5-5
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7.1 General Information

This chapter contains Hlustralions and parts lists for
the Studio Reference amplifiers. The parts lists in this
chapter are for all mechanical parts and parts not in-
cluded on a module (circuit board). Chapter 8 con-
tains artwork and parts lists for all modules.

7.2 Standard and Special Parls

Many smaller electrical and electronic parts used in
the Studio Reference amplifiers are stocked by, and
available from, electronic supply houses. However,
some electronic parts thal appear to be standard are
actually special. A part ordered from Crown will as-
sure an acceptable replacerment. Structural items such
as covers and panels are available only from Crown,

1.3 Ordering Parts

When ordering parts, be sure (o give the amplifier
model and serial number and include a description
and Crown Part Number (CPN) from the parts listing.
Price quotes are available on request.

7.4 Shipment

Shipment will be normally made by UPS or best other
method unless you specify otherwise. Shipmenls are
made to and from Elkhart, IN, only. Established ac-
counts with Crown will receive shipment freight pre-
paid and will be billed, All others will receive shipment
on a C.0.0. or pre-payment {check or credit card)
basis.

1.5 Terms

Normal terms are pre-paid. Net-30 days appilies to only
those firms having pre-established accounts with
Crown. If pre-paying, the order must be packed and
weighed before a total bill can be established, after
which an amount due will be issued and shipment
mada upon receipt of pre-payment. New paris re-
turned for credit are subject to a 10% re-stocking fee,
authorization from the Crown Parts Department must
be obtained before returning parts for credit.

The Crown Parts Departrment is not a general parts
warehouse. Parts sold by Crown are solely for servic-
ing Crown products.

Part prices and gvaifability are subject to change with-
out notics,

7.6 Hiusirated Parts Lists

Contained within this section are the illustrated parts
fists for the Studio Reference  and Il amplifiers. The
alectrical and electronic parts in the assembly draw-
ings are referred to by Crown Part Number (CPN), and
guantities used are indicated. Those parts are also
shown in the circuit schematics {chapter 6), and are
identified there by circuit designation,

Crown
Parts Department

Mailing Address:
PO Box 1000
Elkhart, IN USA 46515-1000

Shipoing Address:
Plant 2 8.W.

1718 W, Mishawaka Fd.
Elikhart, 1IN USA 48517

Phone: (219) 204-8200
Toll Free: (800) 342-6939
FAX: (219) 294-8124

Parts Information 7-1
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Fron rarts
See Figure 7.1
Hem # Description Part # (CPH) Oty. Notes
1 Screw, 8-32 % 75 FLTHD A10091-70812 4 End Cap
2 End Cap 1011011 2
3 Handle 101102-1 2
4 Screw, 8-32 x 0.5 FLTHD A10091-70808 4 Handles
& Main Chassis F12875-5 1
8 Holder, Cable Fishpaper F11864-6 1
7 Screw, 6-32 x 312 PNHDT15 Coa01-9 3 Display Brkt
8 #8 Star Washer A10084-5 2
9 DPDT OnfCff Push Button Switch C10181.3 1
10 Screw, 6-32 x 3/8 PNHD Tri 104510 24 Covers, etc.
11 Screw, 4-40 x 3758 Cha61-5 2 OnfOff Switch
12 Screw, 8-32 2 3125 AT00BE-10605 3 Display
13 Display Module, REF | Q43018-3 1
Display Module, REF i Q433120 1
14 Pot, 8K ohm Linear 31 Det. B4O1-9 2
15 tsolator, LED Foam F11787-3 1
16 Display Bracket M21435-9 1
17 Frort Panel, Top Extrusion 1001 1
18 Ovarlay, REF | {3 B669-0 1
COverlay, REF 1l D 8647-6 1
19 Air Filter D 8763-1 1
20 Screw, 8-32 x .37 RDHD AT008E-70806 2 Bim Extrusion
21 #8 Star Washer A10094-5 2
22 Front Panel, Bottom Extrusion 1010881 1
23 Finger Guard F12876-3 1 Sub Front
24 Knob 084660 2 Level
Set Screw, 6-32x.18 ¢ B005-0 2 Level Knobs
Not Shown Scraw, 8-32 x 5 PNHD Taptite AT0HIG-70808 8 Handles
25 Push Button DB221J9 1 OnfOff
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Figure 7.2 Top Main Assembly Farts
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Top Main Assembl
See Figure 7.2 y
ltem # Description Part # (CPH) Oty. Notes
1,12 Cover F12873-0 2 Top/Botiom
2 Screw, 6-32 x 312 C 9491-¢ 26
3 Control Module, REF | Q43450-8 1
Control Module, REF 1 Q43183A3 1
4 Screw, 6-32 x 625 Skt Cap A10092-10610 4 Mounts Fan
5 Fan C 7858-1 1
6 Capacitor Assembly | - - 2 See Page 7-13
7 Back Panel Assembly o 1 See Page 7.9
8 Washer, #6 Int. Star, Black A10094-3 10
9 Top Shield Fin Guard F11897-4
10 Cutput Assembly - 2 See Page 7-11
11 Silpad - 2 See Page 7-11
13 Screw, 6-32 x 38 PNHD Tri C10451-0 24 Covers, etc.

Parts informalion 7-5
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Figure 7.3 Bottomn Main Assembly Parts
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See Figure 7.3
ltem # Description Part # (DPN) Oty. Hotes

1 Screw, 8-18 x 1.375 PNHD At10109-10822 2 Main Board
2 Nylon Washer 41372 2
3 Main Module — 1 See Sec. 8
4 Spacer, .875 Toggle Nut Plastic C 68731 2
5 Board Support, 7/8 Lock C7862-3 2
6 Screw, 8-32 x 312 Pan Hd. T15 94819 12
7 Clamp, TO-220/T0O-3P D8300-2 4
8 Oulput Assembly — 2 See Page 7-11
9 Screw, 6-32 x .56 Washer Head T15 A10315-1 24
10 Output Pad 07839-0 2
11 1% .625 Hubber Gromme!t Al0224-6 2
12 Back Panel Assembly — 1 See Page 7-9
13 Nut, 1/2-20 A10102-19 1
14 Washer, 1/2 Steel ATG100-25 2
15 Power Transformer, REF | 102097-1 1

Power Transformer, REF I} 1020881 1
16 Screw, 1/2-20 x 4 Hex Cap AT0161-4 1

Parts Information 7-7
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See Figure 7.4
Hem # Deseription Part # (CPN) Oty Hotes

1 Back Panel Plate F12874-8 1
2 Shigld, Circuit Breaker F1182407 1

3 Screw, 6-32 x 3/8 PNHD (104510 1 Breaker Cover
4 Screw, 6-32 x .25 A10086-70804 2
5 Washer, #6 Int, Star A10094-3 2
5 REF 1 Circuit Breaker, 30A C7756-7 1
REF U Circult Breaker, 20A C10183-8 i
7 Strain Relief F11160-3 1

8 Pip Cage Assembly — See Pg. 7-14
9.10,11,14 Dual Binding Post, Gold Pitd Ca013-2 4
12 Jumper, 2 Position Fig812-8 2

13 Wire, #12 BLK 22 in. D 8846-4 2 W/Ring Term

Wire, #12 BLK 15 in. 0 8B47-2 2 W/Ring Term

Wire, #12 RED 20 in. [ 8848-0 2 W/Ring Term

Wire, #12 RED 13 in. [ 8849-8 2 WiRing Term
15 Solder Lug, #8 Hole D 2835-1 2
16 Jumper, Four Quiput Ground D 8855-5 1

17 PiP-F) nput Connactor M44018-6 1 Standard PP

18 Washer, #8 Star AT00D4-5 2 PIF Module
19 Screw, 8-32 x .37 RDHD AT00B6-70806 2 PIP Module

20 REF | Power Cord, 10-3 TT30P A11793-0607F 1
REF I Power Cord, 12-3 W/BA D7538-8 1

Parts Information 7.9
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See Figure 7.8
Hem # Description Part # (CPN) Qty. Motes
1 Screw, 6-32x 312715 C 84919 29
2 NPN Power Transistor, REF | C8187-4 é
NPN Power Transistor, REF 1] C 4751-1 6
3 PNP Power Transistor, REF | 81882 &
PNP Power Transistor, REF |} C 6492-0 8
4 PTC, 88 Deg C D 8774-8 1
) Heatsink with Fing, REF | M21322J8 2
Heatsink with Fing, REF i M21324-5 2
B Sil Pad, 2.87 x 14.57 7 Mil D 7796-2 1

Farte Information 7-11
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Figure 7.6 Capacitor Assembly Parts
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See Figure 7.6
liem # Description Part # {CPN) City. Notes

1 Capacitor, 6300uF 1580V (REF 1) [ 8639.-3 1
Capacitor, 10000uF 100V (REF 1) C 6485-4 i
2 Bracket F12474-7 2
3 Shoulder Washer D B764-1 2
4 Washer, 1/4” Belleville Spring ATD0B8-5 2
5 Lock Washer, #10 Int, Tooth A10084-8 4

6 Wire, #16 Blue (Ch 1) H43480-5 1 Ch 1 Only

Wire, #18 Blue (Ch 2) H43483-9 1 Ch 2 Only

Wire, #16 Red (Ch 1) H43481-3 1 Ch 1 Only

Wire, #18 Red (Ch 2) H43482-1 1 Ch 2 Only
7 Screw, 10-32 x & 2

A10086-11008
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Figure 7.7 PIFP Cage Assembly Farls
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See Figure 7.7

lem 4 Deseription Part  {CPN) {ty. Notes
1 Sorew, 4-40 % .62 RDHD A10086-10410 2
2 #4 Star Lockwasher A10004-2 2
3 Aluminum Spacer A10100-7 2
4 PiF Shield M21271J7 1
5 PWE, PIP Interconnect 1012401 1
6 10" PIP Cable D7823-8 i
7 22 Cortact Edge Connecior Ce821-0 1
8 PIP Daisy Ribbon Connector DE899-5 1

Parts Information 7-15
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8.1 General Information

Since the introduction of the Studio Reference amplifi-
ers, there has been several updates and revisions.
Some of these updates required new modules. This
listof modules is compilete up to this date, August 1996,

Following the module information is the parts list for
each module. Included in the parts list is a map loca-
tion. Refer to the component map at the end of each
parts list for location of each component,

An important part of the parts list is the Cirouit Desig-
nation. Below is a code to help determine what type of
part each designation is;

¢ = Capacitor
0= Diods
B LED

HW e Hardware
J = Socket or Connactor

K= Relay

L= Induector

N = Resistor Network
P = Terminal

Q) = Transistor

R = Hesistor

8 = Bwitch

TP = Tast Point

U = Integrated Ciroult
X = Misc,

£ = Jumper

ff, in the circult designation, there are two numbers
the first is for channel 1 of the amplifier and the sec-
ond is for channe!l 2. The parts will be identical and
there will be two map locations. The first for channel 1
ang the second for channel 2.

C.PN. stands for Crown Part Nurnber. When ordering
a specific part refer to this number. You may reach the
Crown parts department at (219) 284-8200 or 1-800-
342-6239,

8.2 Studio Reference | Module Information

Main Module:

4337 1-6 main module built on PC board D 8825-8 or
0 8920-7. For schematic see J 0874-2. For parts list
see page 8-2

Cutput Module:
(243368-0 output module built on PC board P10423-

&-8.

Control Module:

CA31E3A3 control module built on PC board D 816547,
For schematic see J OB58AS. For parts list see page
811,

43450-8 control module built on PC board [ 8863~
0. For schematic see J 0696-5. For parts list see page
8-14.

(343004.-2 control module built on PC board D 8088-9.
For schematic see J 0738-3. For parts list ses page
817,

Display Module:

243018-3 display module built on PC board [ 7840-
8. For schematic see J UB10-8. For parts list see page
8-20.

8.3 Studio Reference 1] Module Information
Main Module:

34331 1-2 main module built on PC board D 8688-0,
8-23,

QAJ38B-0 main module built on PC board D 8825-8
or D 8920-7, For schematic see J 0B52-8. For parts
list see page B-28.

Quitput Module:

Q43388-8 output module buill on PC board P10423-
5. For schematic see J Q852-8. For parts list see page
8-38.

Control Module:

CA3183A3 control module built on PC board D B18BAT,
For schematic see J 0558A8. For parts st see page
&11

Q43450-8 control module bullt on PC board D 8853-
0. For schematic see ] J696-5. For parts list see page
814,

Q43504-2 control modute built on PC board D 8088-9.
For schematic see J 0738-3. For parts list see page
8-17.

Display Module:

{Q43312-0 display module built on PC board D 7840~
& For schernatic see J 0510-8, For parts list see page
8-26,

Maodule Information 841
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8.4 (043371-6 Main Module Parts List

Gir. Des,  L.PH.

1 O B362-6
c2 {3 3913-8
C4 C 8802-0
C7 { 6804-8
CAo0/e00  C8576-8
C1o/201 £8338-3
Cioz/zte 85788
C103/203  CB805-3
C104/204  C 6805-3
C105/208 C8813-7
C1oe/208  Co813-7
1077207 C7870-8
clogi208 C6R13-7
CI08/208  C8BE7E-8
Ciip/ie1s Cs362-8
Citt/211 CEe807-9
CHigfie  ©8h81-8
CH1a/213  C 4653
Ciid/214  C BE78-8
Ciis/215  C8576-8
ciigfiie £ 8465-3
17217 C 85818
Ciigeis Ces1s7
CHigein Ca802-0
CAR0220  C 8804-8
Ci21z2t  Ce804-8
Ciazmze  Clo176-3
123223 C6808.7
{Az4jezd4 CH176-3
CH2a/220 CBR12-0
CH30/230  CeB14-5
C131/231 C8814-5
C132/232 € 680641
C1asess Cerisy
C134/234  © 6805-3
CH3s/2535  C6805-3
CHAB/238 O BROB.T
(137/237  C 68087
C138/238  C6812-8
C139/236  C6812-9
Cran/zan C8814-58
414t CeR14-5
C143/243  C8808-7
Cl4a4/244  C8576-8
Clabjeas 68129
C146/248 C8B12.9
CHa7/247 - Not Used -
C48/248 O BROS.T
C149/248  C8807-9

Module information 8.2

Daseriptiog
2.2uF 50V
470uF 38Y
ATuk BOV
R 38y
100uF 35V
47k 300V
100uF 36V
022uF 100V
D22uF 100V
270F 200V
27pFE 200V
B3uF 83V
270F 200V
1001 38Y
2.20F 50V
001pF 100V
27uF 100V
10uF 50V
100uF 38V
100uF 35V
10uF BOV
2TuF 100V
27pF 200V
ATUF B0V
JAUF B0V
AU B0V
F3pk 200V
470pE 100V
33pF 200V
A7pF 100V
12pF 200V
12pF 200V
O1uF 100V
27pF 200V
L22uF 100V
L022uF 100V
4700F 100V
A70pF 100V
47pF 100V
47nF 100V
12pF 200V
12pF 200V
470pF 100V
TO0UF 35V
47pF 100V
47pF 100V

470pF 100V
L0TuF 100V

J2/F2
JIEZ
JBFS
13/F3
J3G3
M3/A3
N3/C3
15/G5
N4/B4
KE/ED
JBFS
JBF3
N2/mB2
N2/B2
Nz/ser
N1/B1
N1/B1
M1/B1
N4/B4
JEFS
04/04
L4/A4
04/D5
J3/F3
LS/A4
JA4/F3
JEFE
JA4/E5
L3/03
H2/G2
N2/AZ
L3/03
Oz/Az
L2/02
13/G3
13/G3
N3/83
N3/B3
N4/C4
12/G2
J2IR2
J3F3
N3/C3
Ma/Ad
N4/B34

O1pF 100V
100pF 200V
AuF 50V
AUF 250V
AuF 50V
ApF 50V
27pF 200V
O1pF 400V
100pF 200V
33pF 200V
33pF 200V

05/05
LE/AL
N4/C4
JEFZ
N5/85
Ka/E2
N1/AT
J3/F3
/G2
Ma/ad
04/Cs
LS/A4

“For board [ B920-7 C114 map location is M2, ang

C150/250 - Not Used -
C161251  C8806-1
Cibzi2sz Coe811-1
C53/253  CB804-8
C184/254  ( B426-6
C185/255  ( 6804-6
Ci86/288 U 8804-8
CAB7/287  C6813-7
C159/258  C 8551-1
Cie0/260 Cea8ti.1
cisuest Ciore-a
OtE2/e62  Ci0176-3
Ceidis 2.

21 C 28511
02 28511
3 28511
D4 C 28511
05 C 28511
08 C 28511
D7 28511
Dioo/200 Caigle
Dio1/201 C 31812
D108/208  C3181-2
D0g/208  C3181-2
Dy s
D111/211 - ot Used —
Dt OBtz
Di{g/213 Ca181-2
Dit4/214 CHI5E-5
D118/218  C 81585
Di1g/21e 31812
Dze/ez20  C3181-2
Dizifzetr  C3824.7
Diggizze C3181-2
Di253/223 - Not Used -
Dig4pppd C 31812
Dizhjers C 31812
oizelo2e  C 81585
D1z27/e2t  C8158.5
Dizs/ees  C 31812
D129/229 C5001-4
Dist/izss C 31812
D131/231 C 31812
Diaziesz Ca181.2
D133/238  C3181-2
Dr3d/254  C 28511
138238 C 28511

TN4AGD4
1N4O04
1NADO4
1N4004
TN4CD4
TNAGG4
TN4DO4
1N4148
1N4148
1N4148
1N4148
N4 148

1hN4148
1hN4148
155143
105143
1N4148
1N4148
TNS708
TN4148

N4 148
TN4148
155143
155143
N4 148
IN3070
TNA148
1N4148
1N4148
TN4T48
TN4G04
IN4004

H4

H4

4

H4

H4

Gid

G4
JB/FB
JE/FB
Je/F3
N4/C4
Ma/A4
Md/A4
N3/B3
N3/B3
N3/C3
M3/A3
04104
L4/A4
J4/E4
J3/F3
N4/C4
K3/E3
Ka4/E4
L4/A4
04/D4
JOIFE
L3703
O4/D4
N4/C4
Ma/aa
L4/A4
K4/E4
Ko/k4
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E100/200 € 985741 Red LED JEIFS iz1/221 C7458-0 ZN4123 04/D4
Eio1/e01 CoBs57-1 Had LED JEFE Qizgeieez 36258 ZN4125 L3A3
Qi123/e23  C3825-8 SNA12E KafE4
HW18 cagiz7 55" CableTie AB Qiz4ie24 £ 37888 MPS4E50A ME/BS
HW17 Css1e-7 55" CableTie BH Q125228 CEBO1-4 MTS105 Therm NB/CB
HW18 Cag1z2-7 55" Cable Tie NB Q128/226 (C3625-8 2N4125 KE/ES
FHW1O G827 55" Cable Tie 0OF e7iee7 C 74580 2N4123 KB/ES
Qi28/228 € 3625-8 2N4125 K5/ES
JZ2 C 4508-5 16PN IC Ski. H4 129/228 C7458-0 2N4123 KB/ES
JI00/200  ©8432-4 3 Cond Phdk /G Q30/230 C 3625-8 2N4128 K505
JIOOK/200XC 6778-2 Ph Jk Cover 11/G1 Q131231 C3625-8 2N4125 L3003
JEOO D 83852 7.75"12pin Chl 05 Q132/232 £ 3626-8 2N4125 K3/D3
JB00 0 B397-8 25 12pin Cbl N& Q133/233 ( 3625-8 ZN4125 04104
JTO0 DB397-8 25" 12pin Chl BS Q134/234 74580 2N4123 L3/AS
JBO0 D 8395-2 775" 2pinChl AB Qi35/2385 C3810-6 MPSA4R/43 KA4/E4
Q13236 C 35789 MPSAGS K4/D5
N101/201 D B248-3 7 pintRes Net M2/C2
NA0Z2/202 D 8082-8 Res Net-C JAESL =1 ATOZ265-10021 10K 1% ED
NAGTAZO0TA - Not Used - M2/C2 R4 AT0265-10521 106K 1% RR
NT1OTE/2018 - Not Used -~ Ma/C2 H5 - Mot Ugsed —- Hd
N1O1CR201C ~ Not Used - M2/C2 R7 AT02E6-4331 43K 5% 16
NATO1DY2010 - Not Used »- M2/C2 H8 A10265-75021 7HK 1% HE
NT1OTE/201E - Not Used) v M2IC2 R10 - Mot Used - 02
NAOIFR201F - Not Used - M2/C2 R -~ Not Used - L5
B2 ~ Nt Useg) D&
P C 7503-4 bpos Header M2 Y7 AT02B5-THO21 7THK 1% HE
Pa  8418-3 3pos Header M2 H18 A10266-4331 43K 5% Go
Pt C 7593-4 Spos Header  H5 19 ATOREE-2RT7S 2.7 BE% 5W 14
P2 e BOE U004 e G4 R100/200 - Not Used - 13/G3
P10Y/201 C7502-6 4pos Header  J1/F1 R101/201  A10265-10211 1.02K 1% S22
R102/202 A10266-5111 5105% J3F3
QI00/200 D 2%61-7 2061 N3/C3 HI103/203  A10265-20523 205K 1% TW  J2F2
CHoie01 C8104-0 MPSWE2 M3/B3 R104/204  A10285-26711 267K 1% M3/AZ
Q102/202  C 81031 MPSWA4P2 N3/C3 R105/2056 A10265-26711 267K 1% N3/C3
1037203 © 36256-8 2N4125 MI/B3 R106/208  A10265-11821 11.8K 1% L3/A3
O104/204  C B104-5 MPSWG2 N4/C4 R107/207  AM0266-6831 68K 5% M3/A3
Q108/205 C8104-8 MPSWO2 N4/C4 R108/208 A10266-8211 B205% N4/C4
Q106206 C 3625-8 2N4AT25 Q3/A3 HI08/208  A10268-9101 915% N4/C4
Q107/207  C 3786-8 MPS4250A M4/B4 BUO/210  A10266-6831  BBK 5% N3/C3
0Q108/208 C5B91-4 MTS105 Therm N4/C4 Ri11/211 A10268-11821 11.8 1% 0303
09/209 D 2e6t-7 2961 K3/ES Ri{2/212  A10265-49921 409K 1% H3/G3
Q210 © 810341 MPSW42 Md4/B4 R13/213  AT02B5-48711 48TK 1% J4/F4
Q111211 C 810341 MPSW42 Md/k4 R114/214 A10266-1521 15K 5% 14/G4
Q212 © 36258 2N4125 Jalza H115/215  A10266-5141 510K B% L.2/02
Q113213 C3825-8 2N4125 JA4/F4 Ri1e/216  A10266-3351 3.3M5% Ja4
Oi4/214 G 7458-0 2MN4123 KI/ED R117/217  AQ266-4731 47K 5% H3/G3
O1i6/215 D 28625 MPSATE O5/D8 R118/218  A10265-40201 402 1% N4/B4
Qe C3786-8 MPS4250A L5IAB R119/219  A10285-12111 121K 1% NE/CE
QU717 D29s1-7 2961 O3/A3 R120/220  A10265-40201 402 1% N4/ 4
GHs/2ie D 29617 2961 OAS Hizyz2t O s082-2 100K LIN POT  O1/AY
G119/219  C 3625-8 SN4125 K3/E3 Rize/eze  A10266-2741 270K 5% NafAzZ
20/220  C 3625-8 IN4123 K3/ES RI23/223  AT0268-2032 20K 5% BW  O2/A2

Module Informalion 8-3




{e) I CILLIY, Studio Referance Service Manual Hev O
ule Informat
Ri24/224 A10266-6821 6.8K 5% O1/A1 R176/276  A10265-10721 10.7K 1% J2IF2
R125/225 A10266-1011 100 5% 0O2/A2 R177/277  AI0265-80411 6.04K 1% H3/G3
R126/226 A10266-1011 100 5% O2/A2 R179/279  A10266-1321  1.3K 5% K4/E4
Ri27/227 A10266-6821 6.8K 5% N3/AS R180/280 A10266-4711  4705% M3/A3
R128/228  A10266-1331 13K 5% N2/AZ R181/281 A10265-48711 4.87K 1% N4/B4
R129/220  A10266-1041 100K 5% N3/A3 R182/282 A10266-2201 225% JoiFe
R130/230  A10266-1041 100K 5% L3/D3 R183/283 A10266-4731 47K 5% 0303
R131/231 A10266-1331 13K 5% L3/D3 R184/284  A10266-4741 470K 5% K5/D5
R132/232 C5062-2 100K LIN POT K1/E1 R185/285 A10266-4731 47K 5% 04/D3
R133/233 A10266-2741 270K 5% K2/E2 R186/2868 A10266-2751  2.7M 5% JBIFS
R134/234 A10266-2032 20K 5% SW  M3/C3 R187/287 A10266-3321 33K 5% K&/E6
R135/235 A10266-1011 100 5% Ko/E2 R188/288 A10266-3321 3.3K 5% KB/E6
R136/236 A10266-6821 6.8K 5% L2/D2 R189/280  A10266-2731 27K 5% KB/ES
R137/237 A10266-1011  1005% K2fE2 R180/260  A10266-2051 2M 5% J5/F6
R138/238 A10266-6821 6.8K5% L3/D3 R191/291  A10266-4731 47K 5% L3/IAS
R139/239 A10266-8211 8205% Ma4/A4 R192/292  A10266-4731 47K 5% L.3/A3
R140/240 A10266-3101 91 5% M4/A4 R193/203  A10265-10021 10K 1% JBIF5
Ri41/241  A10266-1541 150K 5% N3/A3 R184/204  A10265-20021 20K 1% J2IF2
R142/242  A10266-1541 150K 5% L33 R195/205  A10266-4701 47 5% K4/F3
R143/243 A10266-4711 4705% K6/D6 R196/296 A10266-3921 3.9K 5% K4/E4
R144/244 A10266-4711 4705% K5/05 R197/297 A10265-10021 10K 1% K4/E4
R145/245 A10266-4711 470 5% K6/ES R198/298  A10266-3921 3.9K 5% K3/E3
R146/246 A10265-11821 11.8K 1% 04/D4 R199/299  A10265-10021 10K 1% K3/ES
R147/247  A10124-24 #24 Buss Wire  O5/D5 R500/600  A10266-3041 300K 5% J3F3
R148/248 A10265-20011 2K 1% N4/C4 R501/601  A10266-3041 300K 5% JBES
R149/248  A10266-1012  1005% SW  L5/AS REO2/602  A10266-3041 300K 5% J3IF3
R150/250  A10265-20011 2K 1% MajA4 RSOG/B03  A10266-4702 47 5% 5W J2IF2
R151/261  A10265-11821 11.8K 1% L4/A4 R504/604 A10266-5141 510K 5% L2/D2
R152/252  A10265-11821 118K 1% OZIAZ REO5/605 A10266-5141 510K 5% L2z
R153/253 A10124-24 #24 Buss Wire  J4/G3 REOB/B06  A10266-1521  1.5K 5% JEIFS
R154/254 A10266-5601 56 5% K5/D5 RBO7/607  A10266-4711 470 5% J5/F5
R155/255 A10266-4731 47K 5% J4fFa R508/608 A10266-2731 27K 5% JEIFE
R156/256 A10266-1321  1.3K 5% N2IAZ RE09/609  A10265-49911 4.99K 1% 13/G3
R157/257 A10266-1321  1.3K 5% L2/02 RE10/610  A10265-49911 4.99K 1% H2/G2
R158/258 A10266-0121 91K 5% K2/E2 R511/611  A10265-40011 4.99K 1% H2/G2
R159/259 A10266-1331 13K 5% JAF3 Rs12/612  C 9079-2 200/220 Pot  H3/M3
R160/260 A10266-5601 56 5% K6/D6 RE13/613  A10265-49911 4.99K 1% H3/G3
R161/261 A10266-4701 47 6% N3/B3 RE14/614  C 7340-0 24 5% 3W H1/H1
R162/262  A10266-4701 47 5% N3/B3 R515/615 A10266-1821 1.8K5% J1/F1
R163/263 A10266-5601 56 5% K&/D5 RE16/616 A10266-1051 1M 5% L2/D2
R164/264 A10266-4711 470 5% K5/D5 RE17/617  A10266-9101  915% N4/B4
R165/265 A10266-4711  4705% K5/D6 R518/618 A10266-9101  915% N4/B4
R166/266 A10266-4711 4705% K5/D5 RE19/619  A10265-12111 1.21K 1% ME/AS
R167/267  A10265-10011 1K 1% O2/A2 RE20/620  A10266-1521 15K 5% MBS/AS
R168/268  A10265-95301 953 1% O2/A2 R521/621  A10265-11021 11K 1% N5/B5
R169/260 A10266-1041 100K 6% N3/C3 R522/622  A10266-4741 470K 5% MB/AS
R170/270  A10265-10011 1K 1% K3/E3 RE23/623  A10266-1521 15K 5% N5/CS
R171/271  A10265-95301 953 1% Ka/E3 R&24/624 A10266-4741 470K 5% N5/CE
R172/272  A10266-1041 100K 5% M3/A3 RB25/625 A10265-11021 11K 1% N5/B5
R173/273  A10266-5601 56 5% K5/05 RE2B626  A10265-10021 10K 1% IB/F5
R174/274 A10265-10721 10.7K 1% 12/G2 RE27/627  A10266-3921 30K 5% L4/D4
R178/275  A10265-26711 267K 1% Ho/G2 RE28/628  A10265-10021 10K 1% L4/D4
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R520/620 AI0286-4731 47K 5% L4/D4 U C 5085-2 MOTB15CT H5
RE30MB30 AM0265-10021 10K 1% 034 X C 9484-3 Heatsink HE5
RE31/831  AM0266-4731 47K 5% L33 Lz G B5086-0 MC7a18CT GA
REaz2/632  AT0285-10021 10K 1% L4/A4 L2X  9494-3 Heasink G5
HE33/633  AT0265-10021 10K 1% C3/03 U100/200 C6811-8 UPATS N2/m2
RH34/634 AT0LE5-10021 10K 1% L3/AZ Ho1201 Ce411-0 HI1C2 JEES
RE35/635  A10266-1R01  15% QB/IAB UIOTX/201X C B019-9 & pin 1C Skt JE/ES
REZ6/H36  A10286-4707 47 5% KEES U102/202  © 4348-2 LM338N 15/G5
RE37MEI7  AT0265-10021 10K 1% K44 U102X/202X C 3450-1 14 pin iC Skt 15/GE
RE38/838  A10Z65-10021 10K 1% LA/D5 103/203  C 6910-1 LUPATE L2002
RB36G/639 - Not Used - JIFY U104/204  C 7558-7 MC33079P 13F3
RE40/640 - Not Used - JHED L04X/204X C 34501 14 pin 1C Skt 13/F3
R541/841 - Not Used — 12162 LOOR/200B - Not Used - N2/m2
RB42/642 - Not Used -~ 3/33 UHOBE/2038 - Not Used - L2/02
R543/643 - Not Ussad »- JBFS
RB44/644  ATOPEG-2031 20K 5% L4/k4 201 wee Nt Used v 01
H545/645  A10266-2031 20K 5% Mda/D4 202 - Mot Used - CH

203 - Not Lsed - C1
52 73251 DPOT Switch M1 704 e Mot Used o ce
83 C 79805 3 Pos Swilch  HZ 205 e Nt U - ce
54 C 6781-8 BF3T Switch A

PC Board D BB25-8 Main #2
TP C 8564-6 10P Header LE or [ 89207 Main #3
TP C B564-6 10P Header D5
T3 Ca8e6-9 Test Point F4
TP4 C 9896-9 Test Poirt 4
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Figure 8.1 Q43371-6 Main Module Map
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8.5 (43369-0 Output Module Parts List

{iir, fas, 6PN Descriptinn
oo A10434-473JD  047uF 250V
cae C 8426-6 SR 250V
Co3 C 8426-6 R 250V
04 C 6806-1 DuF 100V
Co5 C 68086-1 O1uF 100V
OB C 6806-1 O3uF 100V
co7 C 8807-9 D0tk 100V
Cos C 8810-3 180pF 100V
oo C 6808-5 220pF 100V
Ci0 C 6807-9 D01uF 100V
o C 88061 OtpF ooy
ciz - Not Used -

C13 - Not Used -

134 C 8891-9 ATUF 83Y
15 -~ Not Used -

16  8426-6 JuF 250V
Do C 285141 1NAO04

Doz C 28511 TNAO04

D03 C 28511 1RN4D04

DOo4 C 28511 1N4004

Dos  8383.9 Glgz2

Dos { 8383-9 G822

Do7 C 8383-9 Gig22

Do C 83839 Glage

D15 G 285141 1NAD04

D16 C 2851-1 1N4D04

HW1 A10084.-2 #4 L ockwasher
HW2 AT0084-2 #4 Lockwasher
HW3 A10084-2 #4 Lockwasher
HW4 A10084-2 #4 | ockwasher
HWS C7481-2 4 Way Conn.
HWE C 7481-2 4 Way Conn.
HW7 AT0608-3 4-40X3/8 Sper
HW8 ATOB0B-3 4-40X3/8 Spor
HWY A10608-3 4-40X3/8 Spor
HW10 AT0608-3 4-40X3/8 Spor
HW11 [ 8441-4 Fishpaper
Hwi2 AT0020-1 4-40X.25 Stud
HW13 AT0020-1 4-40X.25 Stud
HW14 A10020-1 4-40X.25 Stud
HW15 AT0020-1 4-40X.25 Stud
L00 D702 2.5uH Coll

Lot ¢ 3510.2 470uH Choke
102 C 3610-2 470uH Choke

2
F3
H4

E3
F3
13
J3
AZ
M2
B3
Kz
AZ
N3

i
H
G2
G2
H
G2
H
i
G2
Gz
E4-K4
i
i1
G2
G2

G2
F4
J4

P00
P500
PBO0

Qoo
Qo1
Qos
Qi2
Q16
Qi7
Q18
Q18

ROO
Ro1
ROz
RO3
HO4
RO5
ROB
RO7
o8
HOg
R10
Rt
R12
R13
F14
H18
R16
H17
18
H19
R20
HZ1
R22
RZ3
F24
H25
H26
R27
H28
R29
R30
R31
R32
R33
R34
H35
R36
R37
Ras

- Not Used -

Cos2s-2
C9828-2

C 48471
C 8159-3
C8i186-8
CB188-3
Cgi86-6
C10185-7
C 46471
C10158-5

AT0266-6801
AT0Z86-1011
C 77781

C 6486-2

¢ 64886.2

C 8486-2

C 64B86-2

C a488-2

C 6486.2
C7778.9
A10266-1011
G o6e25-5
A10266-2R74
ATDZ66-6801
AT0286-2R74
C 84862

C 6486-2

C 6486-2

C 6486-2

C 6488-2
 6486-2

C 777841

C 77799

C 6844-2
AT0266-1331
A10266-2221
 6B44-2
AT0266-3911
ATOZE8-1331
A10266-5101
AT0265-10201
C 6625-5

- Mot Used -
- Mot Used -
- Nt Used -
A10266-1R02
AT0268-1R02
C777e-9

C 77799

F2
E3
J3

12 Pin Header
12 Pint Header

TIP47 NPN 14

25C4020 NPN E5
28A1553 PNP U5
25C4029 NPN G5
28A1BE3PNP HB
20C4783 NPN F4
TIP47 NPN F4
2SA1837 PNP 14
68 5% F4
100 5% E4
565% 5WFP F3
2 5% 5W E2
2 5% BW c2
2 5% BW Al
2 5% bW 12
2 5% 5W K2
2 5% BW N1
42 5% FP J3
100 5% J4
5.6 5% bW H2
2.7 5% 2W C1
68 5% J4
2.7 5% 2W M1
2 5% BW M1
2 5% BW £2
2 5% BW F1
2 5% 5W B1
2 5% BW J1
2 5% 5W H1
5.6 5% EWFP F1
22 5% FP H3
250 Pot H3
13K 5% F4
22K 5% F3
250 Pot G4
390 5% G4
13K 5% 4
51 5% F3
102 1% D3
5.6 5% 5W G2
C1
C1
81
1 5% .5W 4
1 5% BW K4
22 8% FP 03
22 5% FP 02
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RH39 C7779-9 22 5% P D3
R40 C77799 22 5% FP K3
H41 C7779-9 22 5% FP K3
R47 C7779-9 22 5% P J3
H43 AT0266-5101  515% G4
R44 A10266-2021 2K L% H3
R45 A10266-7511  7805% 14
a6 - Nt Lgag L1
R47 - Mot Used ~-- L1
R48 - Not Used - L1
49 C77759-9 22 5% FP F2
REO C7779-9 22 0% FP D2
H51 C7779-8 22 5% FP 82
RE2 C77789-9 28 5% FP M2
R53 C7779-9 22 5% P K2
Rb4 C7779-0 22 5% FP 12
23  BEBE8-2 0 Ohm Jmp D1
74 C 5868-2 0 Ohm Jmp D3
28  5868-2 0 Ohm Jmp Dz
200 C 5868-2 0 Ohm Jmp E1
201 C 58682 0 Chm Jmp E2
202 C 5868-2 0 Ohm Jmp E3
203 C 5868-2 0 Ohm Jmp £3
204 C hBey-2 0 Ohm Jdmp H3
205 C h86s-2 0 Chm Jmp H3
208 C 6868-2 0 Ohm Jmp H3
207 C baes-2 0 Ohm Jmp 13
708 C 5B68-2 O Chm dmp J3
208  EBGB-2 0 CGhm Jmp J3
210 C 5868-2 0 Chm Jrmg J2
Z11 C 5868-2 O Ohm Jmp Ji
212 C 5888-2 0 Ohim Jmp J2
213 C 5868-2 0 Ohm Jdmp 41
214 C 58682 0 Chm Jmp E3
215 C 5868-2 0 Ohm Jmp 42
VAl C 8868-2 0 Ohm Jmp 3
217 C &868-2 0 Ohm Jmp H1
218 C 5868-2 O Chm Jmp 1
PC Board  P10423-5 THC #2
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Figure 8.2 (43369-0 Output Module Map
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8.6 (043183A3 Control Module Parts List HW11 A10102-5 6-32 Hex Nut  E2

HW12 A10102-5 6-32 Hex Nut  EB
Gir. Das, [ AN Deseription Wap Loc HW14 C8510-8 TOZ20HTSNK A4
1 C BENA-6 AuF B0V 4 HW158 ¢ 6510-8 TOZZOHTSNK E2
Co C 6096-0 3.3uF 50V 4 HW16 C8510-9 TO220 HTSNK  E8
C3 C 7819-3 1800uF 35V F1 HW18 65414 T0220 Spreader A4
G4 C7819-3 1B00uF 356V F5 HW19 C6541-4 T0220 Spreader E2
C5 C 5362-8 2. 2uF BOV ED HW20 C6541-4 70220 Spreader E5
Ce C 5362-6 2.2uF 50V E5 HW25 H43267-6 Wires HE & 15
C7 C 99439 AuF 250V 12 HW28 C 8982-8 Holder G4
o8 C 2043-9 JpF 250V H2
Co ( 9943-9 JuF 250V ) J43  4508-5 16 Pin Socket  AZ
C10  0043-9 uF 250V 2 J4 C4508-5 16 Pin Socket A1
C11 C 6804-6 AUF 50V C4 J12 C 4508-5 16 Pin Socket  CH
Ciz C 6804-6 AuF BOV 3 J13 C8442-2 15PinConn. 4
13 C 8963-8 ATUF 250V H4 J29 --- Not Used --- B2
) O 285141 1NADD4 Fa K1 Ca787-0 30A 24V Relay (G3
D2 C 2851-1 TNAOO4 F3 K2 Ca787-0 30A 24V Relay G1
I 0 OR51-1 1N4004 £3 K3 Cara7-g J0A 24V Relay G2
D4 285114 1N4004 e
05 O o511 TNAODA £9 P13 C a7 25 Tab F5
e O8R5 1N4O04 E5 P14 c7817-7 25 Tab 15
Y4 0 opB 1.1 1NAO04 g P15 C 8177 25 Tab HE
9] C 28811 1N4O04A E5 P16 C7817-7 25 Tab 15
Da 20511 1NAQO4 1 P17 cCislr-7 25 Tab 15
oo C3181-2 1NAT4R A F18 C7817-7 .25 Tab JB
D11 C 2851-1 1N4004 Fo P19 Cr817-7 .25 Tab G5
D12 C3181-2 1N4148 c2 P20 C7817-7 .25 Tab 15
D13 C3181-2 TN4148 D2 P21 Cr7817-7 .25 Tab G5
D14 C3181-2 1N4148 D2 P26 C7817-7 25 Tab G5
D5 C3181.2 1N4148 D2 PRy C 7503-4 5 PinHeader  E1
D16 31812 1N4148 Co P28 C 75928 4 Pin Header D2
D17 C 2851-1 1N4004 H3 P50 C7817-7 .25 Tab HS
D18 O oRET. 1N4AO04 H3 P51 C 7177 25 Tab HS
319 C 3549-0 NGB, 10V C3
D20 C3181-2 1N4148 C1 Q C 3625-8 2N4125 Ef
D2t C 3181-2 IN4148 c2 Q2 C 3625-8 2N4125 E2
D22 C10437-9 Bridge Rect.  H1 Q3 C 3625-8 2N4125 C3
D23* C10437-9 Bridge Rect. (1 Q4 C7662-7 MAC218 Ha
Dagx 104379 Bridge Rect.  AZ
D25 C10437-9 Bridge Rect. A4 Rt C 89260-4 50hmPTC G4

H3 A10265-82521 B2 EBK 1% D4
*Not included with module, order separately. R4 C 3093-9 10K Helitrim D4

R5 AT02E5-10031 100K 1% 3
Hw A10086-10605 8-32X.3125 Ad HB A10265-10031 100K 1% H4
HW2 A10086-10605 6-32X.3125  E2 H7 A10266-3331 33K 5% D4
HW3 A100BB-10605 6-32X.3125  EB RB -~ Not Used --- D4
HW5S A10094-4 #6 Lockwasher A4 RO A10266-3921 3.9K 5% D3
HWB A10094-4 #6 Lockwasher E2 R10 A10266-2221 2.2K5% D2
HW7 AN0094-4 #8 Lockwasher E5 R11 A10266-2221 22K 5% C1
HW10 A10102-5 6-32 Hex Nut A4 R1z2 A10266-4731 47K 5% D4
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H13 A10266-2031 20K 5% 4
R14 A0266-4731 47K 5% C4
15 AT0266-1021  1K5% C4
118 AT0266-4731 47K 5% C4
H17 A10266-3321 33K 5% C3
18 A10266-1231 12K 5% c3
R19 AT02BS-11031 110K 1% 03
H20 AT0ZEB-4721 47K 5% Dz
H21 A10266-4721 47K 5% 53
M2z A102BB-4741 470K 5% D3
R23 AT02EB-4741 470K 5% 4
R24 A02B6-2221 22K 5% CE
R2h A10266-1812  1BD 5% 5W H4
R26 Al0266-3602 36 5% BW H4
Ra27 AT0268-3021 3K 5% D1
S2 732841 DPOT ce
Lt C 4345.2 LG50 4
X  3450-1 14 Pin Socket 4
Uz C 50852 MOCTBIBCT B2
U3 G 5086-0 MC7918CT ER
U4 C 76650 MOC30 1 F4
X110 o787-7 25 Tab H1
x1 crsyy-7 25 Tab H1
X1z C7817-7 25 Tab i
X113 C7817-7 .25 Tab H
PC Board D 8165A7 REF Control

Maodule Information 8-12




Rev. O Studio Reference Service Manual

8 Module Information

PS8 P28

r—

bov o o gen o i

P21 P13 P18 P28 P15 P51
el |
> INIRIRini
Q pe u3 ’fgg*«
‘RZQ‘ Ut pé f ~
S A8 . R3
(=== * R N —
' D24 I L w 2 ) ‘
4 | f _RA13 P e — +  ys
A23 J
| | “en _ A2
8
T a8
- J DoIml e
E.m..ﬂ....__._._‘ - »e . A2z
3|1 b2s o | 2 { T
| | - - 12 Pt W
s ‘ . a» ST o1
— i N i} "C::D“ D13 D4 -‘ E}
| + l . f ‘ sa LD »ie ~ 1
K_. HERTZ | ) HERTZ D18 — BT
2 =" s‘b D12 el T - =
P dar -8 uz s
% € ) »ms . A2 2N
i 2 v L TH I} | f
S— 1 } s T \—/
c3
Bl +
} . - A1Y - - @27 ! -
% I T O (P vze p27 “or {:i;:n
O DB1B65A7 COMP ID
A | 8 | c© | 1o e | F

Figure 8.3 Q43183A3 Control Module Map

=Crown.

P18 Pie P17

1000
e

Module Information 8-13




Hev. O Studio Reference Service Manual () L2 O,
8.7 043450-8 Control Module Parts List HW11 A10102-5 6-32 Hex Nut  E2
HW12 A10102-5 6-32 Hex Nut  E5
Lir.Des. C.PM. Descrintion Map Lee | HW14 C 6510-9 TOZ220 HTSNK A4
C1 C 6804-6 R BOV D4 HW15 C 65109 TO220 HTSNK  E2
C2 C 6096-9 3.3uF 50V D4 HW16 C 8510-9 T0220 HTSNK  EB
Ca C7819-3 1800LF 35V F1 HwW1g C6541-4 T0220 Spreader A4
C4 C 7819-3 1800pF 36V F5 HW19 C8541-4 10220 Spreader E2
C5 C BAE2-6 2.2uF 50V =) HW20 C 6541-4 TO220 Spreader £5
CB C B362-6 2. 2uF 50V £x HWZ5 H43267-8 Wires HS & 15
C7 08439 JuF 250V 2 HW28 C 89828 Holder G4
C8 C 9943-9 uF 250V H2
Co C 9943-9 AuF 250V Ho 3 0 4508-5 16 Pin Socket  AZ
C10 C 9943-9 SRR 250V 12 J4 C 4508-5 16 Pin Socket At
C11 C 6804-6 uF 50V 4 J12 C 4508-5 16 Pin Socket  Ct
Ciz  6804-6 F B0V Ca J13 C 84422 15PnConn. 14
13 C 8963-8 ATUF 250V H4 J29 - Not Used - B2
[ O oan1. 1NADD4 £1 K1 C 97870 30A 24V Relay G3
D 28611 TNAOD4 = K2 Cg787.0 30A 24V Relay G4 |
03 ¢ 28511 1N4AG04 £ K3 Ca787-0 30A 24V Relay G2 ;
D4 C 28511 1N4004 F2
5 Cooasta 1N4004 Eo P13 C 78177 25 Tab F5
6 O oa51-1 1NaD04 E5 14 Ceyrag 25 Tab 5
07 ¢ pant.t 1N&O04 £o P15 C7817-7 .25 Tab HE
D8 £ onst TNADOA £g P16 C7817-7 .25 Tab 1)
e O oBst. INADDA = P17 C7817-7 .25 Tab i5
010 C 31812 1N4148 D3 P18 cre17-7 .25 Tab J5
D11 C 28511 1N4C04 F2 P19 C7817-7 25 Tab G5
D12 C3181-2 1N4148 (97 P20 C7817-7 25 Tab 15
D13 Ca3181-2 1N4148 ry P21 C7817-7 .25 Tab 55
D14 C 31812 1N4148 D2 P26 C7817-7 25 Tab G5
5 Ca1R1e 1N4148 0o PE7 C 7583-4 5 Pin Header  F1
016 Ca181-0 1N4148 oo Peg C 75026 4 Pin Header D2
D7 o851 INAODS +43 FE0 C 78177 25 Tab B
D18 C 28511 1N4004 H3 P51 C7817-7 25Tab HE
D19 C 3549-0 1NOB1B, 10V C3
020 C 3181-2 1N4148 C1 Q1 C 3825-8 2N4125 E1
D21 C 3181-2 1N4148 Cc2 Q2 C 3625-8 ON4125 g2
D2z C10437-9 Bridge Rect.  H1 Q3 C 3625-8 2N4125 C3
D23 C10437-9 Bridge Rect. 1 Q4 C7662-7 MAC218 H4
D24 C10437-9 Bridge Rect. A3
D25* C10437-9 Bridge Rect. A4 R1 C 8960-4 50hmPTC G4
R3 A10265-82521 825K 1% D4
*Not included with module, order separately. R4 C 3083-9 10K Helitim D4
RE A10265-10031 100K 1% H3
HW 1 A0086-10606 6-32X.3128 A4 6 A10265-10031 100K 1% H4
Hw2 AT0086-10605 6-32X.3125  £2 R7 A10266-3331 38K 5% D4
HW3 AT0086-10605 6-32X 3125 £5 RE - Not Used --- D4
HW5 A10094-4 #6 Lockwasher A4 HY A10266-3921 39K 5% D3
HW6 A10094-4 #6 Lockwasher £2 H10 \10266-2221  2.2K5% D2
HwW7 A10004-4 #6 Lockwasher E5 A1t A10266-2221 2.2K 5% Ct
HW10 A10102-5 B-32 Hex Nut A4 R12 A10266-4731 47K 5% D4
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X10
X1
X1z
X13

A10266-2031
A10266-4731
A10266-1021
A10266-4731
A10266-3321
A10266-1231
A10265-11031
A10266-4721
A10266-4721
A10268-4741
A10266-4741
A10266-2221
A102e6-1812
A10266-3602
A10266-3021

C 73251

C 4345-2
C 3450-1
C 5085-2
C 5096-0
2 7865-0

cra1r-7
ey
C7817-7
c7atry

PO Board D 8853-0
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20K 5%
47K 5%
TK 5%
47K 5%
33K 5%
12K 5%
10K 1%
4.7K 5%
47K 5%
470K 5%
470K 5%
22K 5%
180 5% .5W
36 5% .BW
3K 5%

DpDT

LM3E39

14 Pin Socket
MOT815CT
MC7915CT
MOC30H

.25 Tab
25 Tab
25 Tab
25 Tab

REF Control #2

C4
C4
C4
C4
C3
%]
C3
02
D3
023
ca
Ch
H4
H4
D1

C4
C4
£2
EB
F4

H1
H1
i
11
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8.8 043504-2 Control Module Parts List HW A10086-10605 6-32X.3125  E2
HW2 O 8541-4 Torg. Spreader £2
Gir. Des. L.PN, Description Map Log | HW3 AT0084-4 #6 Lockwasher E2
C1 C 8804-6 ik 50V 4 HW4 AT0102-8 6-32 Mut B2
o2 C 6096-9 3.3uF 50V 4 HWE AT00BB-10605 §-32X.3128 £S5
A 78193 1800uF 35V gD HWB ¢ 6541-4 Torg, Spreader B5
C4 C7818-3 1800UF 38V F5 HW? A10094-4 #6 Lockwasher E5
5 C 5362-6 2.20F B0V Eo HWE A10102-5 6-32 Nut E5
o6 {53626 2.20F BOV EE HW9 AT0086-10605 8-32X.3125 G5
C7  00453-9 ApF 250V o HW1D C6541-4 Torg. Spreader G5
ca C 0943-9 ApF 250V Jg MW ATO0B4-4 #6 Lockwasher G&
o  BRB4.5 22uF 250V i HW12 ATOC2-5 6-32 Hex Nut G5
C10 C 8554-5 22uF 250V J2 HW13 HA43267-6 Wires 15
C11 C 6804-6 ApF 50V C4
Ci2 O 68046 pF 80V 03 J3  4508-5 16 Pin Socket A2
C13 C 8963-8 A7uF 250V G5 J4 C 4508-5 16 Pin Socket At
14 C10826-4 s 250V Js J12 G 4508-5 16 Pin Socket  C1
Ci5 C10R2s-8 Z2200pF 250V HS J13 C 8537-0 6 PinHeadsar 14
Ci6 C10325-6 2200pF 250V H5 J14 c10304-1 9 Pos Header 13
17 {; 8554-5 22k 250V H2
cig C 8584-5 22uF 280V Jo K1 C10304-1 30A 24V Relay G4
K2 1030441 30A 24V Helay G1
o 28511 1N4004 Ga K3 C10304-1 30A 24V Relay G2
D2 C 28511 1N4004 3
D3 C 2851-1 1N4004 F3 L1 HA43598-4 Choke 15
D4 © 28511 TNAD04 2
08 O DEit. 1Nanna £ P13 78177 .25 Tab 4
Ds ¢ 28511 TNACD4 [ P14 C7817-7 25 Tab i4
o7 CoBs1.1 1NAODE £2 P15 C7817-7 85 Tab 14
D8 28511 1NAG04 05 Pig 78177 25 Tab 14
Do o851 1NAD0A Fe P7 Ca17-7 25 Tab Ja
oo ORCRI R 2 1N4148 8%, Pi1g 78177 25 Tab J4
D11 C 28511 1NACC = P1a C7817-7 .25 Tab Jb
D12 C3181-2 1N4148 Cc2 P20 C7817-7 .25 Tab 14
D13 C3181-2 1N4148 03 P2l c7817-7 25 Tab G8&
314 Ca181.2 1N414R Y P26 C7817-7 25 Tab H4
Y Cagt.e 1N4 148 no pey C 75834 5 PinHeadsr B
16 Caist.z 1N4148 On P2g 75926 4 PinHeader D2
D17 C 2851-1 1N4004 G3 P50 C7817-7 25 Tab HE
D18 C 28511 1N4004 F3 Pb1 G787y .25 Tab HB
D19 C 3549-0 NGB, 10V 03
D20 C3181-2 1N4148 C1 Q1 C 3625-8 ON4125 E1
D21 C 3181-2 1N4148 ce Q2 G 3625-8 2N4125 E2
D22 €10437-9 Bridge Rect.  H1 Q3 C 3625-8 2N4125 C3
D22x% C 78177 25 Tab H1 Q4 C 7662-7 MAC218 G5
DX C 78177 25 Tab b4 CI4X C B510-9 Heatsink G5
Dear C104537-9 Bridge Hect, i1
D23X C7817-7 25 Tab 1 R C 8960-4 50hmPTIC  H4
DX O 7R17-7 D5 Tah i1 HiX C 80R2-8 Plastic Holder H4
Dp4r 104879 Bridge Rect. A4 Ha A10265-82521 825K 1% D4
D25 C10437-9 Bridge Rect. A3 R4 € 30939 10K Helitim - D4
H5 AT0285-10081 100K 1% F4

“Not included with module, order separately.
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R A10265-10031 100K 1% F4
R A10266-3331 38K 5% D4
He e WO UgE e D4
R9 A10266-3921 3.9K 5% D3
R10 AI0266-2221 22K 5% D2
R11 AT0266-2221  2.2K 5% G
R12 A10266-4731 47K 5% D4
R13 A10266-2031 20K 5% C4
R14 A0266-4731 47K 5% C4
R15 A10266-1021 1K 5% C4
R16 AT0266-4731 47K 5% C4
R17 A10266-3321  3.3K 5% C3
R18 A10266-1231 12K 5% C3
R19 AT0265-11031 110K 1% C3
R20 A10266-4721 4.7K 5% D2
R21 AN0266-4721 47K 5% D3
R22 A10266-4741 470K 5% D3
R23 A10268-4741  ATOK 5% C4
R24 A10266-2221  2.2K 5% C5
R25 A10266-1812 180 5% 5W G5
R26 A10266-3602 36 5% 5W 6
F27 A10266-3021 3K 5% o1
R32 A10266-5141 510K 5% c3
&2 73251 DPoT Cz
U1 C 4345-2 LM339 C4
U1x C 3450-1 14 Pin Socket (4
U2 C 5005-2 MC7815CT v
L2x C6510-9 Heatsink E2
U3 C 5096-0 MC7915CT  ES
U3x C 6510-9 Heatsink E5
U4 C 7665-0 MOC3011 Fa4
1 D 9004-9 REF Control Board
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8.9 043018-3 Display Module Parts List £8 C10592-1 Green LED K1
EQ C10592-1  GreenlED  J1
; ) PH. ascrintion Bars § o E10 1059241 Green LED L1
%%*ﬂ%" %37 Ez éa ey E11 C10892-1  GreenlED I
Co C B813.7 27pF 200V 51 E12 C10592-1 Green LED L1
cs C 6804-6 AUF 50V Eo E15 C10582-1 Green LED 12
oo O 6504.6 OF B0V Eo E16 C10592-1  GreenlLED (2
gg c gggimg :Eg‘jg ‘S’gg gg J3 D 6990-2 16 pincable D2
g;f ’ g gggzg jj";; gg:{,’l gé P12 D 6990-2 16 pincable  F2
c1z C 6804-6 ApF 50V co
i3 Ceoas  FSOV  C3 ar C 36258 2N4125 U2
Cl4 C6804-6  AuF50V  Ci w2 C3625-8  2N4125 L2
e C pe0e0 :3;3?’5 v A1 A10265-10031 100K 1% A2
o1 G a807.0 OOIF 100y 02 R2 A10265-10031 100K 1% Al
c18 C 6807-9 001UF 100V C2 A7 A10265-10031 100K 1% A2
Cio ¢ es0ro Q010F 100V E2 R A10265-10031 100K 1% Al
oo il QONF 100V E2 Ro A10265-10021 10K 1% A2
c21 C 6807-9 OCO1UF 100V E2 R10 A10265-10021 10K 1% Al
Con C e807.9 001LF 100V E1 R11 A10265-49911 4.99K 1% B2
Con G es07.0 0ONF 100V E1 R12 A10265-49911 499K 1% Al
Co4 Ce807-9  .00TUF 100V  Ef H18 A10265-82511 8.25K 1% G2
o Caa07.0 001F 100V G R15 A10265-14321 143K 1% G2
Con G 6807 00THF 100V 1 R17 A10265-82511 8.25K 1% G2
ce7 C 6804-6 1pF 50V K2 A19 A10266-8211  8205% J2
Cog Cegoa o oF B0V s R20 A10266-8211 820 5% L2
R21 A10265-10021 10K 1% B2
o C 31810 Ng148 2 R22 A10265-10021 10K 1% B1
0o Caigis IN4148 " R23 A10266-5121  5.1K 5% B3
O S 2181 IN4148 o R4 A10266-5121  5.1K 5% B2
o Caigis N4148 e R25 A10266-8211 820 5% K2
0F G aia1s N 148 op R26 A10266-8211 820 5% L2
De et s ING148 e R27 A10266-1851 1.8M 5% B2
0 Caigio IN41a8 g R28 A10266-1851  1.8M 5% B1
o Caigin N2 143 P R29 A10265-68111 681K 1% D2
o Caigis 1148 oo R30 A10265-68111 6.81K 1%  Ef
510 Caigis Na14E 5] R31 A10265-16911 169K 1% D2
D11 G 21810 N4148 0 R32 A10265-16911 1.69K 1%  Ef
D12 G 31819 Na148 . R33 A10265-95301 953 1% D2
R34 A10265-95301 953 1% D1
R35 A10265-53601 563 1% D2
o G oD 2 R36 A10265-53601 536 1% D1
£5 C105021  GreomlED 2 R37 A10266-3011 300 5% D2
Ea C108921  GreenlED Lo R38 A10266-3011 300 5% D1
ce 0105021  GreenlED 01 R39 A10266-3911 390 5% D2
e C105091  GreenlED K1 R40 AT0266-3911 390 5% D1
s 0105891 GreenlED U1 R41 A10266-2231 22K 5% B2
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J2 C 4508-5 16 Pin IC Ski.  H4 R A10265-10021 10K 1% £2
J100/200 € 8432-4 3Cond PhJk  11/G1 R4 A10265-10521 10.5K 1% D1
J100X/200XC 6778-2 PhJk Cover  11/G1 R7 A10266-4331 43K 5% 16
J500 D 8395-2 7.75"12pin Cbl 05 R8 A10265-75021 75K 1% HE
JB0o D 8397-8 25" 12pin Cbl N5 R10 - Not Used - C2
J700 D 8397-8 25" 12pinChl BS R17 A10265-75021 75K 1% Ha
JBOO D 83952 7.75"12pin Col A5 R18 A10266-4331 43K 5% G6
R19 A10266-2R72 2.75% 5W 14
NA1CH/201 D 79463 Res Net-ODEP M2/C2 R100/200  w Not Used - 13/G3
N102/202 D 6082-8 Res Net-C JafF4 R101/201 A10265-10211 1.02K 1% JOfF2
R102/202  A10266-5111  5105% Ka/E4
P1 C 7503-4 Epos Header H2 R103/203  A10265-20823 205K 1% 1W  J3/F3
P6 C8418-3 3pos Header  H2 R104/204 A10265-26711 2.67K 1% M3/A3
P11 C 7593-4 5pos Header  H5 R105/205 A10265-26711 267K 1% N3/C3
P101/201  C7592-6 4pos Header  J1/F1 R106/206 A10265-11821 11.8K 1% L3/A3
R107/207 A10266-6831 68K 5% M3/A3
Q100/200 D 2961-7 2061 N3/C3 R108/208 A10266-8211 8205% N4/C4
Q101/201 C8104-9 MPSWo2 M3/B3 R109/209 A10266-8101 915% N4/C4
Hozieoe © 81031 MPEW42 N K] RH1UTO/210  A10266-8831  B8BK 5% N3/C3
Q103/203 C BB25-8 2N4125 M3/B3 R111/211  A10265-11821 11.81% 03/03
Q104/204 € 8104-9 MPSWO2 N4/C4 R112/212  A10265-49921 499K 1% H3/G3
Q105205 C8104-9 MPSWGE2 N4/C4 FE1a/218  AT0265-48711 487K 1% l4/F4
CHOBR206  C 3625-8 2N4125 O3/A3 Hi14/214  A10266-1521 15K E% 4G4
Q107/207 C 3786-8 MPS4250A M4/B4 R115/215 A10266-5141 510K 5% L2/c2
Q108/208 C 5891-4 MTS105 Therm N4/C4 R116/216  A10266-3351 3.3M 5% 14/G4
Q109/209 D 2961-7 2061 K3/E3 R117/217  A10266-4731 47K 5% H3/G3
Q110/210 CB8103-1 MPSW42 Ma/B4 R118/218  A10265-68101 681 1% Md/B4
Qt11/211  C 81031 MPSW42 M4/B4 R119/219  A10265-12111 1.21K 1% NS/CS
Q112/212 C 3625-8 IN4 125 Ja/E4 R120/220 A10265-68101 681 1% M4/B4
Q113/213 € 3625-8 IN4125 JafF4 Ri21/221  C5062-2 100K LIN POT  O1/A1
Q114/214 € 7458-0 2N4123 K3/E3 Ri22/222  A10266-2741 270K 5% N2/A2
Q115218 D 2862-5 MPSA18 O5/D5 R123/223  A10266-2032 20K 5% BW  O2/A2
0116/216 € 3786-8 MPS4250A LB/AS R124/224 A10266-6821 6.8K 5% O1/A1
Q117/217 D 2961-7 2961 0OB/A3 R125/225 A10266-1011 100 5% O2iA2
Q118/218 D 2061-7 2961 O3/A3 R126/226  A10266-1011 100 5% O2/A2
0119/219 C 3625-8 2N4125 K3/ES R127/227  A10266-6B21 6.8K 5% NE/A3
Q120/220 C 3625-8 IN4123 K3/E3 R128/228  A10266-1331 13K 5% N2/AZ
Q124/221 C 7458-0 2N4123 04/D4 R12%/229  A10266-1041 100K 5% N3/A3
Q122222 C 3625-8 2N4125 L3/A3 R130/230 A10266-1041 100K 5% L3/D3
0123/223 C 3625-8 ON4125 K4/E4 R131/231  A10266-1331 13K 5% L3/D3
Q124/224 - Not Used - M5/BE R132/232  C 5062-2 100K LIN POT K1/ET
Q125/225 - Not Used ~- NB/CH R133/233  A10266-2741 270K 5% K22
Qize/ees  C3B25-8 IN4128 KE/E6 F134/234  A10266-2032 20K B% 5w K2/D2
Q127/227  C 7458-0 ON4123 K5/E5 R135/235  A10266-1011 100 5% Ka/n2
Qiaemeee C3625-8 2N4125 KB/ES R136/236  A10266-6821 68K 5% L2/02
0129/229 C 7458-0 2N4123 K5/E5 R137/237  A10266-1011 100 5% K2/D2
Q130/230 € 3625-8 2N4125 K5/E5 R138/238 A10266-6821 6.8K 5% L3/C3
O131/231 € 3625-8 2IN4125 L3/D3 R139/239  A10266-8211  8205% M4/A4
O132/232  C 3625-8 ON4125 K3/D3 R140/240 A10266-9101  915% Ma/A4
Q133/233 C 3625-8 2N4125 04/D4 R141/241 A10266-1541 150K 5% N3/A3Z
0134/234 C 7458-0 2N4123 L3/A3 R142/242 A10266-1541 150K 5% L3/D3
R143/243  A10266-4711 470 5% K&/D6
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R144/244 A10266-4711 4705% K&/D5 R197/297 A10265-10021 10K 1% Ka/E4
R145/245 A10268-4711 4705% JO/ES R198/298 A10266-3921 39K 5% K3/E3
R146/246 A10265-11821 11.8K 1% 04/D4 R199/299 A10265-10021 10K 1% K3/E3
R147/247 C 5868-2 0 OHM 05/D5 R500/600 A10266-3041 300K 5% 13/F3
R148/248  A10265-20011 2K 1% N4/C4 R501/601 A10266-3041 300K 5% J3/F3
R149/243 A10266-1012 1005% 5W  L5/A5 R502/602 A10266-3041 300K 5% 13/F3
R150/250 A10265-20011 2K 1% M4/A4 RS03/603 A10266-4702 47 5% 5W  J2fF2
R151/251 A10265-11821 11.8K 1% L4/Ad4 R504/604 A10266-1041 100K 5% L2/C2
R152/252 A10265-11821 11.8K 1% O2/A2 R505/605 A10266-1041 100K 5% L2/cz2
R153/253 A10124-24  #24 Buss Wire 13/G3 R506/606 A10266-1521 1.5K 5% J5/F5
R154/254 A10266-5601 56 5% K5/D5 R507/607 A10266-4711 4705% J5/F5
R165/256 A10266-4731 47K 5% 14/F4 RE08/608  A10266-1041 100K 5% J5IFS
R156/256 A10266-1321 1.3K 5% N2/A2 R509/609 A10265-49911 4.99K 1% 13/G3
R157/257 A10266-1321 13K 5% L2/o2 R510/610  A10265-49911 4.99K 1% H2/G2
R158/258 A10266-9121 0.1K 5% Ke/e2 R511/611  A10265-49911 4.99K 1% H2/G2
R159/259 A10266-1331 13K 5% J3/F3 R512/612 C9079-2 200/220 Pot  H3/H3
R160/260 A10266-5601 56 5% K&/DS R513/613  A10265-49911 4.99K 1% H3/G3
R161/261 A10266-4701 47 5% M3/83 R514/614 C 7340-0 24 5% 3W H1/H1
R162/262 A10266-4701 47 5% M3/B3 R515/615 A10266-1821 1.8K 5% J2/F2
R163/263 A10266-5601 56 5% K5/D5 R516/616 - Not Used - L2/C2
R164/264 A10266-4711 4705% K&/D5 R517/617  A10266-9101 915% M4/B4
R165/265 A10266-4711 4705% K5/D5 R516/618 A10266-9101 ©15% M4/B4
R166/266 A10266-4711 470 5% K4/D4 R519/619  A10265-12111 1.21K 1% MS/AS
R167/267 A10265-10011 1K 1% 02/A2 R520/620 -~ Not Used - M5/AS
R168/268 A10265-95301 953 1% 02/A2 R521/621 - Not Used - M5/B5
R169/269 A10266-1041 100K 5% N3/C3 R522/622 -~ Not Used - MB/AB
R170/270  A10265-10011 1K 1% K3/E3 RE23/623 - Not Used - N5/CS5
R171/271  A10265-95301 953 1% K3/E3 RE524/624 - Not Used - N5/C5
R172/272  A10266-1041 100K 5% M3/A3 R525/625 - Not Used - M5/BS
R173/273 A10266-5601 56 5% KS/D5 RE26/626 A10265-10021 10K 1% I5/F5
R174/274 A10265-10721 10.7K 1% 12/G2 R527/627 A10266-3921 3.9K 5% L4/D4
R175/275  A10265-46411 4.64K 1% H2/G2 R528/628 A10265-10021 10K 1% L4/D4
R176/276  A10265-10721 10.7K 1% Jeire RE29/620  A10266-4731 47K 5% L4/D4
R177/277  A10265-13021 13.0K 1% H2/G2 RE30/630 A10265-10021 10K 1% 03/D4
R179/279  A10266-1321 1.3K5% Ka/E4 RE31/631  A10266-4731 47K 5% L3/D3
R180/280 A10266-4711 4705% M3/A3 R532/632 A10265-10021 10K 1% L4/A4
R181/281 A102685-48711 4.87K 1% M4/B4 R533/633  A10265-10021 10K 1% 03/D3
R182/282  A10266-2201 22 5% J2fF2 R534/634  A10265-10021 10K 1% L3/A3
R183/283 A10266-4731 47K 5% 03/D3 R535/635 A10266-1R01  16% O5/A5
R184/284 A10266-4741 470K 5% K5/D5
R185/285 A10266-4731 47K 5% 04/D3 | 82 C 7325-1 DPDT Switch ~ H1
R186/286 A10266-2751 2. 7M 5% JO/ES S3 C 7960-5 3 Pos Switch  H2
R187/287 A10266-3321 3.3K5% J5/E5 S4 C6781-6 BP3T Switch ~ C1
R188/288 A10266-3321 3.3K 5% JB/E6
R189/282 A10266-2731 27K 5% J5/E5 TP1 C 6564-6 10P Header L5
R190/290 A10266-2051 2M 5% JEIF5 TP2 C 6564-6 10P Header D5
R191/291  A10266-4731 47K 5% L3/A3 TP3 C 78730 2P Header  F4
R192/292 A10266-4731 47K 5% L3/A3 TP4 C 78730 2P Header 14
R193/203  A10265-10021 10K 1% J5/F5
R194/294  A10265-20021 20K 1% J2IF2 Ut C 5095-2 MC7815CT  H5
R195/295 A10266-4701 47 5% J4/F4 U1X C 9494-3 Heatsink H5
R196/296 A10266-3921 39K 5% K4/E4 U2 C 5096-0 MC7915CT G5
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Uax  9454-3 Heasink G5

L0000 Ce811.8 UPATE N2/B2

WI101/2017 C 64110 H11C2 JBIES

UT101X/201X C 80618-9 & pin 10 Skt J5/ES

U102/202 € 4345.2 LM330ON 15/G5

UH02X/202X C 3450-1 4 pinlC Skt 1B/GS

03203 Ce810-1 UPATE L2ihe

U104/204 C7558.7 MC33070P I3/F3

U104X/204X C 3450-1 14 pin 10 Skt 13/F3

201 wee NoOt Used - 93!

202 - Not Usad ~e- C1

203 - Not Used - C1

204 — Not Used «- C2

205 - Not Used - cz

PC Board D 86880 REF MAIN
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8.11 (143388-0 Main Module Parts List C149/249 C 6807-9 Q01uF 100V N4/B4

C150/250 - Not Used --- 05/D5
Cir Des. C.PN Deseription C151/251  C 6806-1 LO1uF 100V LBIAS
1 C 53606 2. 2uF 50V Cisz/es2  Coes11-1 100pF 200V N4/C4
G2 C ag13-8 470uF 38V 4 C153/253 C6804-6 JAuF B0V J2IFe
C4 G 8802-0 A70F BOV i C184/254 C 8426-6 Ak 260V NE/BS
o7 C 6804-8 uF 38V 37, C1B5/255 € 6804-6 SuF B0V Ka2/E2
C1A e Not Used - 14 C156/256 C 6804-6 ApF 50V N1/A1
C100/200 C 8576-8 100pF 35V JofF2 C167/257 C6813-7 27pF 200V JB/ES
CA04/207 83383 A7pF 300V JB/ER C188/258 856511 O1uF 400V 12/G2
C102/202 C 8578-8 100uF 38V JBIFE C160/260 C6811-1 100pF 200V M4/A4
C103/203 € 6805-3 022uF 100V 13/F3 C161/261  C10176-3 33pF 200V 04/C5
C104/204 C 6805-3 022uF 100V J3/G3 Ciez2i262 C10176-3 33pF 200V LE/A4
C108/205 C6813-7 27pF 200V M3/A3
C106/2068  CB813-7 27pF 200V N3/C3 *For board D 8920-7 C114 map location is M2, and
C107/207  C7870-6 33pF 63V 15/G5 Ca1dis Cz.
C108/208 C 68137 270F 200V N4/B4
C109/208 C 8576-8 100pF 35V KS/ES 1 C 2851-1 1N4004 H4
C110/210  C 5362-6 2.2uF 50V JEFS D2 € 2851-1 1N4004 H4
C111/211  C6807-9 O01pF 100V J3/F3 D3 C 28511 1N4004 4
C112/212  C 8980-1 18uF 83V N2/B2 D4 C 28511 1N4004 H4
C113/213  C 8989-3 6.8uF 50V N2/B2 D5 C 28511 1N4004 H4
C114/214 € 8576-8 100uF 35V N2z | D6 C 2851-1 1N4004 Ga
C115/215  C 8576-8 100uF 358V N1/B1 D7 C 28511 TN4004 G4
C118/216 C 8989-3 6.8uF 50V N1/B1 L0200 C 31812 TN4148 JBIFE
C117/217  C 89901 A8uF 63V M1/B1 D101/201 C3181-2 1N4148 JE/FE
CHI8/218 O aR1a.7 27pF 200V N4/B4 D10o8/208  C3181-2 TN4148 J2F3
CHOee O B802-0 ATUF 50V JE/FR Diog/zoe C311-2 1N4148 N4/C4
CA120/220  C 6804-8 ApF B0V 04/D4 DT10210 C3181-2 1N4148 M4/ad
C121/221  C 6804-6 ApF 50V L4/A4 D111/211 - Not Used - Md4/A4
C122/222 C10176-3 33pF 200V 04105 D112/212  C3181-2 1N4148 N3/B3
C123/223 C 6808-7 470pF 100V J3/F3 D113/213 C3181-2 1N4148 NB/B3
C124/224 C10176-3 33pF 200V L5/A4 D114/214  C 8168-5 185143 N3/C3
C129/228 € 6812-9 A7pF 100V J4/F3 D115/216 € 81685 155143 M3/A3
C130/230 C6814-5 120F 200V JB/F5 D11g219  C3181-2 1N4148 04/Da
C131/2317  C6814-5 12pF 200V JAFFS Di20/220 C 31812 1N4148 La/A4
C1ag/o32  C BBOS-1 O1pF 100V L3/D3 Dizvzer C 38247 TNB708 JA/E4
C133/233 C6813-7 27pF 200V H2/G2 D122/222 € 3181-2 INA148 JB/F3
C134/234 C 6805-3 022uF 100V N2/A2 D123/223  --- Not Used - N4/C4 |
C1a8/235 O 8805-3 022uF 100V L3/D3 D24/z24  C3181-2 TN4148 K3/E3 |
C136/236  C 6808-7 470pF 100V O2/A2 D125/225 C3181-2 1N4148 K4/E4 |
C137/237 C6808-7 470pF 100V L2/D2 D126/226 C8158-5 155143 La/A4
C138/238 (6812-9 47pF 100V 13/Gi3 Diz2z7/227 € 8158-5 155143 04/D4
C139/239 C6812-9 47pF 100V 13/G3 D128/228 C3181-2 1N4148 J5/F5
C140/240 C6814-5 12pF 200V N3/B3 D12g/228  C5061-4 1N3070 L3/D3
C141/241 C6814-5 12pF 200V NI/B3 D130/230  C3181-2 1N4148 04/D4
C143/243 C 6808-7 470pF 100V N4/C4 D131/231  C3181-2 1N4148 N4/C4 w
C144/244 C 85768 100pF 35V 12162 D132/232  C 3181-2 TN4148 M4/A4
C148/245 C6812-9 47pF 100V J2IF2 D133/233 € 3181-2 1N4148 L4/Ad4
C146/246 C6812:9 47pF 100V JBF3 D134/234 € 28511 1N4004 K4/E4
C147/247 - Not Used - N3/C3 D138/235  C 28511 1N4004 K&/E4
C148/248 C 6808-7 470pF 100V M4/A4
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R124/224  A10266-6821 BEBK 5% Q1/Aa1 Ri76/276  A10265-11821 11.8K 1% JOHZ
R125/225 A10286-1011  1005% Oz/Az RI77/277  A10265-13321 133K 1% H3/G3
R126/226 A10266-1011  1005% O2/p2 H178/279  AT0268-1321 18K 5% K4/E4
R127/227 A10266-6821 B8K 5% N3/A3 RIBOMZB0  A10268-4711  4705% M3/A3
R128/228 A10266-1331 13K 5% Na/a2 R181/281 A10285-48711 487K 1% N4/B4
R126/220  A10266-1041 100K 5% N3/A3 B182/282 A10286-2201 225% JRFe
R130/230 A10266-1041 100K 5% L3/03 R183/283 A10266-4731 47K 5% 03/D3
R131/231 A10286-1331 13K 5% L3/D3 H184/284 A10266-4741 470K 5% K&/D5
R132/232 C 5062-2 00K LINPOT Ki/Ed R1B5/285 A10266-4731 47K 5% 04/03
H133/233 AT0286-2741 270K 5% Ko/E2 R186/286 A10266-2751 27M 5% JE/F5
R134/234 A10266-2032 20K 5% 5W  M3/C3 Ri87/287 A10286-3321 33K 5% K6/ES
F135/235 A10268-1011  1005% Ke/ik2 R188/288 A0266-3321 33K 5% Ke/EB
R136/286 A10266-6821 68K5% L2/D2 R189/288 A10266-2731 27K 5% KS/ED
R137/237  A102668-1011 100 5% Kae2 R180/2090  A10266-2051 2M 5% JO/HG
R138/238 A10266-6821 G.8KE% L3/3 R191/201  A10266-4731 47K 5% L3/A3
R139/238  A10208-8211 8205% M4/A4 R192/202  A10266-4731 47K 5% L3/A3
B140/240  A0286-1111 1105% M4/A4 RI83/203  A10265-10021 10K 1% JHIFS
R141/241  A10266-1541 150K 5% N3/A3 H194/294  A10265-20021 20K 1% J2fF2
Ridzfedz2  A10266-1541  1BOK 5% L3/03 R1O5/295  A10266-4701 47 5% K4/F3
R143/243  A10286-4711 470 5% Ke/D6 R196/298 A10266-3921 39K 5% K4/E4
F144/244 A10266-4711 4705% K505 R197/297  A10265-10021 10K 1% Ka/t4
Ri45/245 A10266-4711 4705% JB/ES H198/208  A10206-3921 38K 5% K3/ES
Ri4g/246  AT0265-11821 118K 1% 04/04 R199/289  A10265-10021 10K 1% K3/E3
H1477247 C5868-2 0 OHM 0O5/D5 RBO0/B00  A10266-3041 300K 5% J3/F3
R148/248  A10265-20011 2K 1% N4/C4 RE01/B0T  AT0266-3041 300K 5% J3IF3
R148/243  AT0266-1012  1005% 8W  LB/AL RB02/602  A10266-3041 300K 5% J3/F3
R1580/250 A102065-20011 2K 1% Md/Ad R503/603  A10286-4702 47 5% BW JejF2
H151/251  A10265-11821 118K 1% L4/A4 H504/604  A10266-5141 510K 5% L2/D2
R152/252  A10265-11821 118K 1% G2jA2 RB05/B05  A10266-5141 510K 5% L2/D2
R153/253  AT0124-24 #24 Buss Wire  J4/G3 HBO6/6068  A10266-1521 1.5k 5% JEIFS
R1b4/254  A10266-5601 565% K5/D5 RBO7/607  Al0266-4711  4705% JOIFS
R165/255  A10266-4731 47K 5% JA/F4 REOBABO8  A10266-2731 27K 5% JEFE
H156/256  A10266-1321 13K 5% N2/A2 R509/600  A10265-49911 4.99K 1% 13/G3
R157/287  A10266-1321 13K 5% Le/z RE10/610  A10265-49911 499K 1% H2/G2
H158/258 A10266-9121 91K L% K22 Ao AM0205-49911 4.98K 1% H2/G2
H159/258  A10266-1331 13K 5% JOF3 Ro12/612  CO079-2 200/220 Pot . H3/M3
R160/260 A10266-5601 56 5% K&/06 RE13/613  A10265-49811 489K 1% H3/G3
R161/261 A10268-4701 47 5% N3/B3 RB14/614  C7340-0 24 5% 3W H1/H1
R162/262  A10266-4701 47 5% NG/BS3 R515/B15 A10266-1821  1.8K5% J1FI
Ri83/263 A10266-5601 56 5% K&/D5 RS16/616  A10266-1051 1M 5% L2/02
Ri1G4/264 A10268-4711  4705% K805 RE17/617  A10266-1111 1105% N4/B4
R185/265  A102686-4711  4705% K5/D6 R518/618  A10286-1111  1105% N4/B4
R166/266 A10266-4717  4705% K5/D5 R518/619  A102685-12111 1.21K 1% M5/AS
R167/267  A10265-10011 1K 1% O2/a2 RB20/B20 - Not Used --- MB5/AS
R168/268  A10265-95301 953 1% O2/A2 R521/621 - Not Used — N5/BE
R169/269 A10266-1041 100K 5% NG/C3 R522/622 -~ Not Used - ME/AL
RH170/270  A102656-10011 1K 1% K3/E3 RE23/623 - Not Used - N5/CE
R171/271  A10265-95301 953 1% K3/ES Rb524/624 - Not Used - NB/CS
R172/272  A10266-1041 100K 5% M3/A3 RE25/625 - Notl Used - NE/BS
R173/273  A10266-5601 56 5% K5/D5 R526/626  A10265-10021 10K 1% 15/F8
R174/274  A10265-11821 118K 1% 21G2 RE27/627  AT0266-3921 39K 5% L4/D4
RA78/275  A10265-48711 487K 1% H2/G2 R528/628  A10265-10021 10K 1% L4/D4
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42 C7779-9 22 5% P J3
H43 AT02B6-5101 51 5% Gd
R44 A10266-2221 22K 5% H3
H45 ATOZEB-7R11T 750 5% i4
R49 CT779-9 22 5% FP 2
R&0 C7775-9 22 5% P De
R51 C7779-9 22 5% FP B2
H52 CT779-9 22 5% FP Me
R53 CYi7eg 22 5% FP K2
Rb4 C 77799 22 5% FP 2
23 C 5868-2 0 Ohm Jdmp D1
24 { 5Be8-2 0 OChm Jmp 03
28 C BBep-2 0 OhmJmp e
200 C 58682 O Ohm Jdmp E1
Z01 C BEBGS-2 0. Chm Jmp g7
202 0 bios.2 0 OhmJmp E3
203  5868-2 0 0hm Jmp E3
204 C 5868-2 0 Ohm Jmp H3
205 C 5868-2 O Ohm Jmp H3
206 { 5868.2 0 Chrn Jmip H3
207 C 5888-2 0 CQhm Jmp 3
208 C 5868-2 0 Ohm Jmp J3
209 {; 5888-2 0 Ohm Jmp J3
210 { 5868-2 0 Ohm Jmp J2
Z1 C bBe8s-2 0 Chm Jmp Ji
212 C 5868-2 0Chmdmp J2
213 C 5868-2 0 Ohm Jmp J1
214 C 58686-2 0 Ohen Jmip E3
Al C Bo6R-2 0 Ohm Jmp £3
217 C 5B68-2 0 Chm Jmp H1
£18 C 5868-2 0 Ohm Jmp H1
PC Board  P10423-5 THC #2
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odule Information
42 AT02E6-2231 22K 5% C1 R71 Al0266-8211  B20 5% 12
R43 A10266-2231 22K 5% ce R72 A10266-8211 820 5% M1
R44 A10266-2231 22K 5% B R73 A10266-1821  1.8K 5% 12
R45 A10266-2231 22K 5% Ep R74 A10266-1821 18K 5% M1
R46 A10266-2231 22K 5% E1 R75 A10266-3321 3.3K 5% 12
R47 A10266-2231 22K E% B2 =76 A102PE6-3321 33K 5% L1
R48 A10266-2231 22K 5% E1 R77 A10265-12121 12.1K 1% G1
R49 AT0266-2231 22K 5% E2 R78 C 3670-4 5K Pot G
R50 A10266-2231 22K 5% 1 R79 A0266-4741 470K E% K2
R51 A10266-3911 390 5% K2 R80 A10266-4741 470K 5% L
R52 A10266-3911 390 5% K1 R8T A10266-1521 15K 5% 2
R53 A10266-3911  3905% K2 Ra2 A10266-1521  1.5K 5% {2
RE4 A10266-3911 390 5% K1
R&5 AT0266-3811 380 5% K2 51 C 73251 DPoT G
R56 A10266-3911 390 5% L1 $2 C 7325-1 DPDT F1
R&7 A10266-3911 390 5% J2
R58 AT0266-3911 390 5% L1 U1 C 7558.7 MC33079 B2
R59 A10266-3811 390 5% Jz U2 C 7558-7 MC33079 B1
RE0 A10266-3911  3005% L1 U3 C 4345-2 LM339 co
R6&1 A10266-1051 1M 5% E2 U4 C 4345.2 LM339 C1
R62 A10266-1051 1M 5% D1 Us C 4345-2 LM339 F2
R63 A10266-3351  3.3M 5% E2 Us C 43452 LM339 F1
RB4 A10266-3351  3.3M 5% D1
RE6 AT02B6-4731 47K 5% 1 21 - Mot Used - G
RES A10266-1021 1K 5% F1 Z2 - Not Used - G
R69 A10266-5151  5.1M 5% A2
R70 A10266-5151  5.1M 5% Al i D 7940-6 Display Board
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Figure 8.10 Q43312-0 Display Module Map
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Studio Reference 1
Studio Reference 11

when listening to a Crown® Studio Refer-

ence™ amplifier will redefine your expec-
tations. The evolution of this studio standard
ushers in a new era of powerful, ultraquiet
amplifiers capable of faithfully reproducing
the most demanding of signals. This kind of
sonic integrity does not happen accidentally.
It demands the leadership and technical excel-
lence for which Grown has long been known.

With the best transfer function in the industry,
ultra-high dynamic range and extraordinary
damping factor, your Studio Reference amplifier
comes closer to the ideal “straight wire with
gain” than any other amplifier. As you listen,

it will become apparent—the amplifier’s low-
frequency transient response is the standard by
which all others must be judged.

Studio Reference amplifiers integrate several
cutting edge technologies that make them the
most accurate reference amplifiers available.
For example, in Stereo mode each channel

can actually be treated as a separate amplifier
because of its separate high-voltage power sup-
plies and ultra-low crosstalk.

Crown’s unconventional Grounded Bridge™ cir-
cuitry delivers incredible voltage swings with-
out using stressful output transistor configu-
rations like other more traditional amplifiers.
This results in significantly lower distortion and
superior reliability.

For more details about the Studio Reference I
and Studio Reference 11, contact the Crown
Technical Support Group at 800-342-6939 or
574-294-8200. Also, visit the Crown Audio
website at www.crownaudio.com.

The stunning realism you will experience

Specifications

The following apply to units in dual mode with both channels
driven into 8 ohm loads and an input sensitivity of 26 dB gain
unless otherwise specified.

Power
Output Power: See power charts below.

Studio Reference I 1
4 ohm Stereo (per channel) 1,160W
8 ohm Stereo (per channel) 780W
8 ohm Bridge-Mono 2,220W
16 ohm Bridge-Mono 1,580W
2 ohm Parallel-Mono 2,315W
4 ohm Parallel-Mono 1,565W
*1 kHz Power: refers to maximum average power in watts
at 1 kHz with 0.05% THD.

STUDIO REFERENCE

@crown. Reference ]

crouwuin

S

SERIES

Features

o Patented ODEP® (Output Device Emulation
Protection) circuitry detects and compen-
sates for overheating and overload to keep
the amplifier working when others would
fail.

e 10c® (Input/Output Comparator) circuitry
immediately alerts you of any distortion that
exceeds 0.05% to provide dynamic proof of
distortion-free performance.

e PIP™ (Programmable Input Processor) con-
nector accepts accessories that tailor your
amplifier to suit specific applications.

¢ Extremely wide dynamic range.

e Ultra-high damping factor delivers superior
loudspeaker motion control for the cleanest,
tightest bottom end you’ve ever felt—or
heard.

e Super-low harmonic and intermodulation
distortion give your amplifier the best transfer
function in the business.

¢ Two mono modes (Bridge-Mono and Parallel-
Mono) for driving a wide range of load imped-
ances.

e Custom-designed, tape-wound, low-noise
toroidal supplies with extremely high power
density.

Performance

Frequency Response: +0.1 dB from 20 Hz to
20 kHz at 1watt.

Phase Response: +5 to —15 degrees from 20
Hz to 20 kHz at 1 watt.

Signal-to-Noise (A-weighted) below rated full
bandwidth power: Studio Reference I: 120 dB.
Studio Reference I1: 117 dB.

Total Harmonic Distortion (THD): Less than
0.1% at full bandwidth power.
Intermodulation Distortion (IMD): (60 Hz and
7 kHz 4:1)

Studio Reference I: < 0.005% from full
bandwidth power to 78 watts, rising
linearly to 0.025% at 78 milliwatts.

Studio Reference II | "
4 ohm Stereo (per channel) 555W
8 ohm Stereo (per channel) 355W
8 ohm Bridge-Mono 1,100wW
16 ohm Bridge-Mono 715W
2 ohm Parallel-Mono 1,115W
4 ohm Parallel-Mono 710w
*1 kHz Power: refers to maximum average power in watts
at 1 kHz with 0.05% THD.

Studio Reference I1: < 0.005% from full
bandwidth power to 36 watts rising linearly
t0 0.025% at 36 milliwatts.

Crosstalk (below rated full bandwidth power):

Studio Reference I: >100 dB from 20

Hz to 400 Hz and >70 dB at 20 kHz.
Studio Reference I1: >100 dB from 20 Hz
to 400 Hz and >65 dB at 20 kHz.

Damping Factor: >20,000 from 10 Hz to 400
Hz.

Voltage Gain (at the maximum level setting):

Studio Reference I:

103:1 £ 6% or 40 dB +0.5 dB at
0.775 volt sensitivity.

57:1+6% or35dB +0.5dBat
1.4 volt sensitivity.

20:1 + 6% at 26 dB gain + 0.5 dB.

Studio Reference I1:

69:1 £ 6% or 37 dB + 0.5 dB at
0.775 volt sensitivity.

38:1 +6% or 32 dB + 0.5 dB at
1.4 volt sensitivity.

20:1 £ 6% at 26 dB gain + 0.5 dB

Load Impedance: Safe with all types of loads.
4-8 ohms in Stereo mode, 8-16 ohms in
Bridge-mono mode, and 2-4 ohms in Parallel-
Mono mode.

AC Line Voltage and Frequency Configurations
Available (x 10%): 50 or 60 Hz; 100, 120, 200,
220 or 240VAC. Power draw at idle is 90 watts
or less.
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Controls

Power: A two-position front panel pushbutton
on/off switch. Four-second turn-on delay.

Level: An independent 31-position detented
front-panel level control for each channel.

Reset Switch: This back panel switch can be
used to trip and reset the AC mains circuit
breaker.

Stereo/Mono Switch: Back-panel switch
selects between Stereo, Bridge-mono, and
Parallel-mono modes.

Ground Lift Switch: The input signal ground
may be isolated from the AC ground with this
back-panel switch to help prevent unwanted
ground loops. It affects only the phone jacks.
It has no effect on the PIP module’s XLR
connectors. Activating the switch inserts an
impedance between the sleeve of each phone
input jack and the circuit ground.

Input Sensitivity Switch: The three-position
input sensitivity switch inside the amplifier
can be accessed by removing the PIP module.
Settings include 0.775 volts and 1.4 volts for
rated output, and 26 dB voltage gain.

Meter Switches: Two switches behind the
front panel can make the output meters dis-
play either the dynamic range of the output
signal in dB (factory default), or the output
level in dB.

Indicators

Signal Presence: The green front panel indi-
cator for each channel flashes synchronously
with the channel’s output signal to indicate its
presence.

Enable Indicator: This indicator lights when the
amplifier has been “enabled” or turned on, and
AC power is available.
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ODEP Indicators: During normal operation of
the amplifier, the ODEP (Output Device Emu-
lation Protection) indicators glow brightly to
show the presence of reserve thermodynamic
energy. They dim proportionally as energy
reserves decrease. In the rare event that energy
reserves are depleted, the indicators turn off
and ODEP proportionally limits the output drive
so the amplifier can safely continue operating
even under severe conditions. These indicators
also help to identify more unusual operating
conditions.

Input/Output Comparator: The red Input/Output
Comparator (I0C) indicator for each channel
flashes if any type of distortion reaches 0.05%.

Dynamic Range/Level Meters: A five-segment
output meter is provided for each channel. The
meters are factory-set to show dynamic range
of the signals in dB, which is computed as the
ratio of peak to average output power. Also,
the meter can optionally be set to show output
levels.

Input/Output

Input Connectors: Balanced Y-inch (6.35-mm)
phone jack for each channel. Balanced three-
pin female XLR connector on the PIP-FX for
each channel.

Input Impedance: Nominally 10 k ohms, bal-
anced. Nominally 5 k ohms, unbalanced.

Input Sensitivity: Configurable for 26 dB gain,
0.775 volt sensitivity, or 1.4 volt sensitivity.

Output Connector: Two pairs of versatile 5-way
binding posts are provided for the output of
each channel so multiple loudspeakers can be
connected easily. They accept banana plugs,
spade lugs or bare wire.

Output Impedance: <10 milliohms in series
with 2.5 microhenries.

574-294-8200.

Crown’s Three-Year, No-Fault, Fully Transferable Warranty

Crown offers a Three-Year, No-Fault, Fully Transferable Warranty for every new Crown ampli-
fier—an unsurpassed industry standard. With this unprecedented No-Fault protection, your new
Crown amplifier is warranted to meet or exceed original specifications for the first three years of
ownership. During this time, if your amplifier fails, or does not perform to original specifications,
it will be repaired or replaced at our expense. About the only things not covered by this warranty
are those losses normally covered by insurance and those caused by intentional abuse. And the
coverage is transferable, should you sell your amplifier.

See your authorized Crown dealer for full warranty disclosure and details. For customers outside
of the USA, please contact your authorized Crown distributor for warranty information or call

Studio Reference 1
Studio Reference 11

DC Output Offset: + 2 millivolts.

Output Signal
Dual: Unbalanced, two channel.

Bridge-Mono: Balanced, single channel. Chan-
nel 1 controls are active; channel 2 controls
should be turned down.

Parallel-Mono: Balanced, single channel.
Channel 1 controls are active; channel 2 con-
trols should be turned down.

Protection

Studio Reference amplifiers provide extensive
protection and diagnostics capabilities. Protec-
tion systems include ODEP, standby mode, an
AC circuit breaker and transformer thermal pro-
tection. These systems will prevent amplifier
damage in virtually any situation. A four-second
turn-on delay prevents power-on thumps.

Construction
Durable black finish on aluminum chassis.

Dimensions: EIA Standard 19-inch (48.3-cm)
rack mount width (EIA RS-310B), 7 inches
(17.8 cm) high and 16 inches (40.6 cm) deep
behind mounting surface and 2.75-inch (7-cm)
protrusion in front of mounting surface

Net Weight:

Studio Reference I: 60.7 Ib (27.6 kg)
Studio Reference II: 56.1 Ib (25.5 kg).

Shipping Weight:

Studio Reference I: 74.2 Ib (33.7 kg)
Studio Reference I1: 69.6 Ib (31.6 kg).

Cooling: Flow-through ventilation from front to
sides. On-demand proportional speed fan.

Q) crown

H A Harman International Company

Crown International
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STUDIO
REFERENCE 1

Studio Reference | (120 V, 60 Hz models)

The Crown® Studio Reference | power amplifier shall be a solid-state two-channel
model employing multi-mode (AB+B) grounded bridge(TM) output circuitry with a
variable impedance (VZ) power supply for each channel.

The outputs shall be switchable as stereo, bridged-mono or parallel-mono modes
of operation. The bridged-mono mode shall bridge the outputs to provide increased
output voltage. The parallel-mono mode shall parallel the outputs to provide
increased output current.

The output impedance of each channel shall be less than 10 milliohms in series with
less than 2 microhenries in stereo mode.

The variable impedance power supplies shall reduce unnecessary voltage across the
output devices by automatically switching to a parallel mode when less voltage is
required by the output circuitry and to a series mode when more voltage is required.

The amplifier shall contain protection circuitry which limits the drive level placed on
the output devices before their SOA (Safe Operating Area) is exceeded. This protec-
tion circuitry shall calculate the instantaneous voltage across and current through
the output devices while factoring in their simulated junction temperatures to predict
how close they are to their operating limits. This protection will be called “ODEP.”

The amplifier shall contain controlled slew-rate voltage circuitry to protect it against
radio frequency interference burnouts. It shall also be protected from current over-
load at its output stage. The slew rate of the amplifier shall be greater than 30 volts
per microsecond in stereo mode.

The amplifier shall temporarily go into a stand-by mode if its power transformer
becomes excessively hot and shall automatically resume normal operation once it
has cooled to a safe operating temperature.

Front-panel controls shall include an enable on/off switch and a detented input level
control for each channel.

Rear-mounted controls shall include a ground lift switch to isolate the signal ground
from the chassis ground, a switch which selects between stereo, bridged-mono and

parallel-mono modes of operation and a reset switch for the AC mains circuit breaker.

Internal controls shall include an input sensitivity switch to select between 0.775 'V,
1.4V or a fixed voltage gain of 26 dB for full rated output.

A Crown P.I.P. and P.I.P.2-compatible expansion connector shall be provided behind
an access panel in the rear to accept auxiliary input modules. It shall be fully compat-
ible with the Crown 1Q System.

Front panel indicators shall include an amber power enable indicator, an amber ODEP
protection system indicator for each channel which shall normally be illuminated

to confirm the availability of reserve thermodynamic energy and which shall dim

in proportion to limiting when the power demands of the output stages have been
exceeded, a green 10C indicator for each channel, and a green Signal indicator for
each channel which shall normally flash at moderate intensity to show the presence
of an audio signal.

crouwuin

STUDIO REFERENCE SERIES

Architectural & Engineering Specifications

The power amplifier shall meet or exceed the following performance criteria. Input
sensitivity for rated output: 26 dB voltage gain (unbalanced). Rated FTC output in
stereo mode with less than 0.1% THD: 780watts per channel (20 Hz to 20 kHz) into
8 ohms. Hum and noise: at least 120 dB (A weighted) below full rated output power.
Phase response: +5 to =15 degrees from 20 Hz to 20 kHz at 1 watt. Frequency
response: 20 Hz to 20 kHz, 0.1 dB at 1 watt into 8 ohms per channel in stereo mode.
Damping factor: greater than 20,000 from 10 to 200 Hz into 8 ohms. Intermodulation
distortion (SMPTE): less than 0.005% from full bandwidth power to 78 watts rising
linearly to better than 70 dB at 20 kHz. Harmonic distortion: less than 0.02% at rated
low-distortion 1 kHz power.

The amplifier shall be safe when driving any kind of load—even highly reactive ones.

The power requirements shall be 120 VAC at 60 Hz. At idle, the amplifier shall draw
90 watts or less.

The amplifier chassis shall be constructed of steel with a durable black finish and
shall be designed for flow-through fan-assisted ventilation from the front panel to the
side panels. The amplifier shall have an aluminum front panel with super-gloss Imron
finish and Lexan overlay.

The dimensions of the amplifier shall allow for 19 inch (48.3 cm) EIA standard (RS-
310-B) rack mounting. The amplifier shall be 7 inches (17.8 cm) tall, 16 inches (40.6
cm) deep behind the rack-mounting surface, and 2.75 inches (7 cm) in front of the
rack-mounting surface.

The amplifier shall weigh 60 pounds, 11 ounces (27.6 kg) and shall have a center of
gravity approximately 6 inches (15.2 cm) behind the front panel.

The amplifier shall be designated the Crown Studio Reference |.
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The information provided on this page is calculated data based on driv-
ing both channels to rated output using the 1 kHz Maximum Average
Power rating method.

Other parameters used in calculation include a conservative idle current
estimate of 90 watts and a conservative estimate of effeciency at 65%.

Information is provided only for getting an idea of current draw and heat
produced. Actual performance will vary depending on environment, pro-
gram material, load, signal, and AC mains voltage and frequency.

Values of calculated current draw are intended to represent average draw
corresponding to the thermal breaker requriements that should be met to
handle the amplifier as a load on the AC mains.

Peak current draw with dynamic program material may be significantly
higher. Thermal information is provided to assist with calculating air
conditioning needs. The data here should not be construed as specifica-
tions.

Duty cycle of various program material:

Individual speech: 10%
Acoustic/chamber music: 20%
Full-range rock music: 30%
Compressed rock music: 40%
Pink noise: 50%

STUDIO REFERENCE SERIES

AC Power Draw and Thermal Dissipation

Here are the equations used to calculate the data presented in Figure 1:

Total output power with all
channels driven (watts)

Duty
AC Mains Power _ Cycle

- 4+ Quiescent Power
Draw (watts)

Draw (watts)

Amplifier Efficiency (.65)

The quiescent power draw is a maximum value and includes power drawn by the fan. The
following equation converts power draw in watts to current draw in amperes:
AC Mains Power
Current Draw  _ Draw (watts)
(amperes)

AC Mains Power
Voltage Factor (.83)

The value used for Power Factor is 0.83. The Power Factor variable is needed to compen-
sate for the differnece in phase between the AC mains voltage and current. The following
equation is used to calculate thermal dissipation:

Duty

Dissipation = | _Channels driven (watts) " Cycle X35 Quiescent P°We') X3.415

(btu/hr) Amplifier Efficiency (.65)

Thermal Total output power with all X
+ Draw (watts)

The value used for ingfficiency is 1.00-¢fficiency. The factor 3.415 converts watts to btu/
hr. Thermal dissipation in btu is divided by the constant 3.968 to get kcal. If you plan to
measure output power under real-world conditions, the following equation may also be

helpful:

Dissipation = from all channels (watts)
(btu/hr) Amplifier Efficiency (.65)

Thermal ( Total measured output power

x.35  Quiescent Power
+ Draw (watts) X 3.415

Studio Reference |

LOAD
2 Ohm Stereo / 4 Ohm Bridge 4 Ohm Stereo /8 Ohm Bridge / 2 Ohm Parallel Mono | 8 Ohm stereo / 16 Ohm Bridge / 4 Ohm Parallel Mono
AC AC AC

Duty Mains Current Draw Thermal Mains Current Draw _The_rmgil Mains Current Draw _The_rmgil

Power (Amps) Dissipation Power (Amps) Dissipation Power (Amps) Dissipation
Cycle Draw Draw Draw

(watts) 120V 230V btu/hr | keal/hr | (watts) 120V 230V btu/hr | keal/hr | (watts) 120V 230V btu/hr kcal/hr
50% 1874 19.3 9.7 2500 630 1290 13.3 6.7 1780 449
40% 1518 15.6 7.8 2060 519 1050 9.3 54 1485 374
30% 1161 11.9 6.0 1620 408 557 8.3 4.2 1190 300
20% 804 8.3 4.1 1185 299 570 59 2.9 900 227
10% 447 4.6 2.3 745 188 330 3.4 1.7 605 152
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STUDIO
REFERENCE 11

Studio Reference Il (120 V, 60 Hz models)

The Crown® Studio Reference Il power amplifier shall be a solid-state two-
channel model employing multi-mode (AB+B) grounded bridge(TM) output
circuitry with a variable impedance (VZ) power supply for each channel.

The outputs shall be switchable as stereo, bridged-mono or parallel-mono
modes of operation. The bridged-mono mode shall bridge the outputs to
provide increased output voltage. The parallel-mono mode shall parallel the
outputs to provide increased output current.

The output impedance of each channel shall be less than 10 milliohms in
series with less than 2 microhenries in stereo mode.

The variable impedance power supplies shall reduce unnecessary voltage
across the output devices by automatically switching to a parallel mode
when less voltage is required by the output circuitry and to a series mode
when more voltage is required.

The amplifier shall contain protection circuitry which limits the drive level
placed on the output devices before their SOA (Safe Operating Area) is
exceeded. This protection circuitry shall calculate the instantaneous volt-
age across and current through the output devices while factoring in their
simulated junction temperatures to predict how close they are to their
operating limits. This protection will be called “ODEP.”

The amplifier shall contain controlled slew-rate voltage circuitry to protect
it against radio frequency interference burnouts. It shall also be protected
from current overload at its output stage. The slew rate of the amplifier
shall be greater than 30 volts per microsecond in stereo mode.

The amplifier shall temporarily go into a stand-by mode if its power trans-
former becomes excessively hot and shall automatically resume normal
operation once it has cooled to a safe operating temperature.

Front-panel controls shall include an enable on/off switch and a detented
input level control for each channel.

Rear-mounted controls shall include a ground lift switch to isolate the
signal ground from the chassis ground, a switch which selects between
stereo, bridged-mono and parallel-mono modes of operation and a reset
switch for the AC mains circuit breaker.

Internal controls shall include an input sensitivity switch to select between
0.775V, 1.4V or a fixed voltage gain of 26 dB for full rated output.

A Crown P.I.P. and P.I.P.2-compatible expansion connector shall be pro-
vided behind an access panel in the rear to accept auxiliary input modules.
It shall be fully compatible with the Crown 1Q System.

Front panel indicators shall include an amber power enable indicator, an
amber ODEP protection system indicator for each channel which shall
normally be illuminated to confirm the availability of reserve thermody-
namic energy and which shall dim in proportion to limiting when the power
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STUDIO REFERENCE SERIES

Architectural & Engineering Specifications

demands of the output stages have been exceeded, a green 10C indicator
for each channel, and a green Signal indicator for each channel which shall
normally flash at moderate intensity to show the presence of an audio
signal.

The power amplifier shall meet or exceed the following performance
criteria. Input sensitivity for rated output: 26 dB voltage gain (unbalanced).
Rated FTC output in stereo mode with less than 0.1% THD: 355watts per
channel (20 Hz to 20 kHz) into 8 ohms. Hum and noise: at least 120 dB

(A weighted) below full rated output power. Phase response: +5 to =15
degrees from 20 Hz to 20 kHz at 1 watt. Frequency response: 20 Hz to 20
kHz, 0.1 dB at 1 watt into 8 ohms per channel in stereo mode. Damping
factor: greater than 20,000 from 10 to 200 Hz into 8 ohms. Intermodula-
tion distortion (SMPTE): less than 0.005% from full bandwidth power to
78 watts rising linearly to better than 70 dB at 20 kHz. Harmonic distortion:
less than 0.02% at rated low-distortion 1 kHz power.

The amplifier shall be safe when driving any kind of load—even highly
reactive ones.

The power requirements shall be 120 VAC at 60 Hz. At idle, the amplifier
shall draw 90 watts or less.

The amplifier chassis shall be constructed of steel with a durable black
finish and shall be designed for flow-through fan-assisted ventilation from
the front panel to the side panels. The amplifier shall have an aluminum
front panel with super-gloss Imron finish and Lexan overlay.

The dimensions of the amplifier shall allow for 19 inch (48.3 cm) EIA
standard (RS-310-B) rack mounting. The amplifier shall be 7 inches (17.8
cm) tall, 16 inches (40.6 cm) deep behind the rack-mounting surface, and
2.75 inches (7 cm) in front of the rack-mounting surface.

The amplifier shall weigh 56 pounds, 2 ounces (25.5 kg) and shall have a
center of gravity approximately 6 inches (15.2 cm) behind the front panel.

The amplifier shall be designated the Crown Studio Reference II.
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The information provided on this page is calculated data based on driv-
ing both channels to rated output using the 1 kHz Maximum Average
Power rating method.

Other parameters used in calculation include a conservative idle current
estimate of 90 watts and a conservative estimate of effeciency at 65%.

Information is provided only for getting an idea of current draw and heat
produced. Actual performance will vary depending on environment, pro-
gram material, load, signal, and AC mains voltage and frequency.

Values of calculated current draw are intended to represent average draw
corresponding to the thermal breaker requriements that should be met to
handle the amplifier as a load on the AC mains.

Peak current draw with dynamic program material may be significantly
higher. Thermal information is provided to assist with calculating air
conditioning needs. The data here should not be construed as specifica-
tions.

Duty cycle of various program material:

Individual speech: 10%
Acoustic/chamber music: 20%
Full-range rock music: 30%
Compressed rock music: 40%
Pink noise: 50%

STUDIO REFERENCE SERIES

AC Power Draw and Thermal Dissipation

Here are the equations used to calculate the data presented in Figure 1:

Total output power with all
channels driven (watts)

Duty
AC Mains Power _ Cycle

- 4+ Quiescent Power
Draw (watts)

Draw (watts)

Amplifier Efficiency (.65)

The quiescent power draw is a maximum value and includes power drawn by the fan. The
following equation converts power draw in watts to current draw in amperes:
AC Mains Power
Current Draw  _ Draw (watts)
(amperes)

AC Mains
Voltage

Power
Factor (.83)

The value used for Power Factor is 0.83. The Power Factor variable is needed to compen-
sate for the differnece in phase between the AC mains voltage and current. The following
equation is used to calculate thermal dissipation:

Duty

Dissipation = | _Channels driven (watts) " Cycle X35 Quiescent P°We') X3.415

(btu/hr) Amplifier Efficiency (.65)

Thermal Total output power with all X
+ Draw (watts)

The value used for ingfficiency is 1.00-¢fficiency. The factor 3.415 converts watts to btu/
hr. Thermal dissipation in btu is divided by the constant 3.968 to get kcal. If you plan to
measure output power under real-world conditions, the following equation may also be

helpful:

Dissipation = from all channels (watts)
(btu/hr) Amplifier Efficiency (.65)

Thermal ( Total measured output power

x.35  Quiescent Power
+ Draw (watts) X 3.415

Studio Reference Il

LOAD
2 Ohm Stereo / 4 Ohm Bridge 4 Ohm Stereo /8 Ohm Bridge / 2 Ohm Parallel Mono | 8 Ohm stereo / 16 Ohm Bridge / 4 Ohm Parallel Mono
AC AC AC

Duty Mains Current Draw Thermal Mains Current Draw _The_rmgil Mains Current Draw _The_rmgil

Power (Amps) Dissipation Power (Amps) Dissipation Power (Amps) Dissipation
Cycle Draw Draw Draw

(watts) 120V 230V btu/hr | keal/hr | (watts) 120V 230V btu/hr | keal/hr | (watts) 120V 230V btu/hr kcal/hr
50% 944 9.8 4.9 1360 343 636 6.5 4.9 970 244
40% 773 8.0 4.0 1150 290 527 54 4.0 840 212
30% 602 6.2 3.1 940 237 418 43 3.1 705 178
20% 432 4.5 2.2 730 184 308 3.2 2.2 575 145
10% 261 2.7 1.4 520 131 199 2.1 1.4 440 111
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WORLDWIDE

THREE YEAR
FULL WARRANTY

NORTH AMERICA

SUMMARY OF WARRANTY
The Crown Audio Division of Crown International, Inc., 1718 West
Mishawaka Road, Elkhart, Indiana 46517-4095 U.S.A. warrants to you,
the ORIGINAL PURCHASER and ANY SUBSEQUENT OWNER of each
NEW Crown' product, for a period of three (3) years from the date of
purchase by the original purchaser (the “warranty period”) that the new
Crown product is free of defects in materials and workmanship, and we
further warrant the new Crown product regardless of the reason for
failure, except as excluded in this Crown Warranty.

" Note: If your unit bears the name “Amcron,” please substitute it for the
name “Crown” in this warranty.

ITEMS EXCLUDED FROM THIS CROWN WARRANTY
This Crown Warranty is in effect only for failure of a new Crown product
which occurred within the Warranty Period. It does not cover any product
which has been damaged because of any intentional misuse, accident,
negligence, or loss which is covered under any of your insurance
contracts. This Crown Warranty also does not extend to the new Crown
product if the serial number has been defaced, altered, or removed.

WHAT THE WARRANTOR WILL DO

We will remedy any defect, regardless of the reason for failure (except as
excluded), by repair, replacement, or refund. We may not elect refund
unless you agree, or unless we are unable to provide replacement, and
repairis not practical or cannot be timely made. If arefund is elected, then
you must make the defective or malfunctioning product available to us
free andclear of allliens or other encumbrances. The refund will be equal
to the actual purchase price, not including interest, insurance, closing
costs, and other finance charges less a reasonable depreciation on the
product from the date of original purchase. Warranty work can only be
performed at our authorized service centers. We will remedy the defect
and ship the product from the service center within a reasonable time after
receipt of the defective product at our authorized service center. All
expenses in remedying the defect, including surface shipping costs to the
nearestauthorized service center, willbe borne by us. (You mustbearthe
expense of alltaxes, duties and other customs fees when transporting the
product.)

HOW TO OBTAIN WARRANTY SERVICE

You must notify us of your need for warranty service not later than ninety
(90) days after expiration of the warranty period. Allcomponents must be
shipped in a factory pack. Corrective action will be taken within a
reasonable time of the date of receipt of the defective product by our
authorized service center. If the repairs made by our authorized service
center are not satisfactory, notify our authorized service center
immediately.

DISCLAIMER OF CONSEQUENTIAL AND INCIDENTAL
DAMAGES
YOU ARE NOT ENTITLED TO RECOVER FROM US ANY
INCIDENTAL DAMAGES RESULTING FROM ANY DEFECT IN THE
NEW CROWN PRODUCT. THIS INCLUDES ANY DAMAGE TO
ANOTHER PRODUCT OR PRODUCTS RESULTING FROM SUCH A
DEFECT.

WARRANTY ALTERATIONS
No person has the authority to enlarge, amend, or modify this Crown
Warranty. This Crown Warranty is not extended by the length of time
which you are deprived of the use of the new Crown product. Repairs and
replacement parts provided under the terms of this Crown Warranty shall
carry only the unexpired portion of this Crown Warranty.
DESIGN CHANGES

We reserve the rightto change the design of any product fromtime to time
without notice and with no obligation to make corresponding changes in
products previously manufactured.

LEGAL REMEDIES OF PURCHASER
No action to enforce this Crown Warranty shall be commenced later than
ninety (90) days after expiration of the warranty period.
THIS STATEMENT OF WARRANTY SUPERSEDES ANY OTHERS

CONTAINED IN THIS MANUAL FOR CROWN PRODUCTS.
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SUMMARY OF WARRANTY
The Crown Audio Division of Crown International, Inc., 1718 West Mishawaka
Road, Elkhart, Indiana 46517-4095 U.S.A. warrants to you, the ORIGINAL
PURCHASER and ANY SUBSEQUENT OWNER of each NEW Crown
product, for a period of three (3) years from the date of purchase by the original
purchaser (the “warranty period”) that the new Crown productis free of defects
in materials and workmanship, and we further warrant the new Crown product
regardless of the reason for failure, except as excluded in this Crown Warranty.

ITEMS EXCLUDED FROM THIS CROWN WARRANTY
This Crown Warranty is in effect only for failure of a new Crown product which
occurred within the Warranty Period. It does not cover any product which has
been damaged because of any intentional misuse, accident, negligence, or
loss which is covered under any of your insurance contracts. This Crown
Warranty also does not extend to the new Crown product if the serial number
has been defaced, altered, or removed.

WHAT THE WARRANTOR WILL DO
We will remedy any defect, regardless of the reason for failure (except as
excluded), by repair, replacement, or refund. We may not elect refund unless
you agree, or unless we are unable to provide replacement, and repair is not
practical or cannot be timely made. If a refund is elected, then you must make
the defective or malfunctioning product available to us free and clear of all liens
orother encumbrances. The refund will be equal to the actual purchase price,
notincludinginterest, insurance, closing costs, and other finance charges less
a reasonable depreciation on the product from the date of original purchase.
Warranty work can only be performed at our authorized service centers or at
the factory. We will remedy the defect and ship the product from the service
center or our factory within a reasonable time after receipt of the defective
product at our authorized service center or our factory. All expenses in
remedying the defect, including surface shipping costs in the United States, will
be borne by us. (You must bear the expense of shipping the product between
any foreign country and the port of entry in the United States and all taxes,
duties, and other customs fees for such foreign shipments.)
HOW TO OBTAIN WARRANTY SERVICE

You must notify us of your need for warranty service not later than ninety (90)
days after expiration of the warranty period. All components must be shipped
in a factory pack, which, if needed, may be obtained from us free of charge.
Corrective action will be taken within a reasonable time of the date of receipt
of the defective product by us or our authorized service center. If the repairs
made by us or our authorized service center are not satisfactory, notify us or
our authorized service centerimmediately.

DISCLAIMER OF CONSEQUENTIAL AND INCIDENTAL DAMAGES
YOU ARE NOT ENTITLED TO RECOVER FROM US ANY INCIDENTAL
DAMAGES RESULTING FROM ANY DEFECT IN THE NEW CROWN
PRODUCT. THIS INCLUDES ANY DAMAGE TO ANOTHER PRODUCT OR
PRODUCTS RESULTING FROM SUCH A DEFECT. SOME STATES DO
NOT ALLOW THE EXCLUSION OR LIMITATIONS OF INCIDENTAL OR
CONSEQUENTIAL DAMAGES, SO THE ABOVE LIMITATION OR
EXCLUSION MAY NOT APPLY TO YOU.

WARRANTY ALTERATIONS
No person has the authority to enlarge, amend, or modify this Crown Warranty.
This Crown Warranty is not extended by the length of time which you are
deprived of the use of the new Crown product. Repairs and replacement parts
provided under the terms of this Crown Warranty shall carry only the unexpired
portion of this Crown Warranty.
DESIGN CHANGES

We reserve the right to change the design of any product from time to time
without notice and with no obligation to make corresponding changes in
products previously manufactured.

LEGAL REMEDIES OF PURCHASER
THIS CROWN WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS, YOU
MAY ALSO HAVE OTHER RIGHTS WHICH VARY FROM STATE TO
STATE. No action to enforce this Crown Warranty shall be commenced later
than ninety (90) days after expiration of the warranty period.

THIS STATEMENT OF WARRANTY SUPERSEDES ANY OTHERS
CONTAINED IN THIS MANUAL FOR CROWN PRODUCTS.

Telephone: 219-294-8200. Facsimile: 219-294-8301 9/90




The information furnished in this manual does not include all of the details of design, production, or variations of the
equipment. Nor does it cover every possible situation which may arise during installation, operation or
maintenance. If your unit bears the name “Amcron,” please substitute it for the name “Crown” in this manual. If you
need special assistance beyond the scope of this manual, please contact our Technical Support Group.

Crown Audio Division Technical Support Group
57620 C.R. 105, Elkhart, Indiana 46517 U.S.A.
Phone: 800-342-6939 (U.S.A.) or 219-294-8200 Fax: 219-294-8301

IMPORTANT

STUDIO REFERENCE AMPLIFIERS
REQUIRE CLASS 1 OUTPUT WIRING.

CAUTION AVIS
RISK OF ELECTRIC SHOCK RISQUE DE CHOC ELECTRIQUE
DO NOT OPEN N’OUVREZ PAS
TO PREVENT ELECTRIC SHOCK DO A PREVENIR LE CHOC
NOT REMOVE TOP OR BOTTOM ELECTRIQUE N’ENLEVEZ
COVERS. NO USER SERVICEABLE PAS LES COUVERTURES.
PARTS INSIDE. REFER SERVICING RIEN DES PARTIES
TO QUALIFIED SERVICE PERSON- UTILES A L’INTERIEUR.
NEL. DISCONNECT POWER CORD DEBRANCHER LA BORNE
BEFORE REMOVING REAR INPUT AVANT D’OUVRIR LA
MODULE TO ACCESS GAIN SWITCH. MODULE EN ARRIERE.

Magnetic Field

CAUTION! Do notlocate sensitive high-gain equip-
ment such as preamplifiers or tape decks directly
above or below the unit. Because this amplifier has
a high power density, it has a strong magnetic field

WARNING which can induce hum into unshielded devices that

are located nearby. The field is strongest just above

TO REDUCE THE RISK OF ELECTRIC ir::] zzltj)i:)vrrt]heiturr:::'k is used, we recommend locating
SHOCK’ DO NOT EXPOSE THIS the amplifier(s) in the bott<’3m of the rack and the
EQUIPMENT TO RAIN OR MOISTURE! preamplifier or other sensitive equipment at the top.

WATCH FOR THESE SYMBOLS:

The lightning bolt The exclamation point
triangle is used to triangle is used to alert the
alert the user to the user to important operating or

risk of electric shock. maintenance instructions.
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@ crown. Referencel

Fig. 1.1 Studio Reference | Amplifier

Unpacking Instructions

Please unpack and inspect your new amplifier for
any damage that may have occurred during transit.
If damage is found, notify the transportation com-
pany immediately. Only you, the consignee, may ini-
tiate a claim for shipping damage. Crown will be
happy to cooperate fully as needed. Save the ship-
ping carton as evidence of damage for the shipper’s
inspection.

Even if the unit arrived in perfect condition, as most
do, save all packing materials so you will have them
if you ever need to transport the unit. NEVER SHIP
THE UNIT WITHOUT THE FACTORY PACK.
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1 Welcome

The stunning realism you will experience when listen-
ing to a Crown Studio Reference™ amplifier will
redefine your expectations. The evolution of this studio
standard ushers in a new era of powerful, ultraquiet
amplifiers capable of faithfully reproducing the most
demanding signals that state-of-the-art 20-bit digital
recording systems can offer. This kind of sonic integrity
does not happen accidentally. It demands the leader-
ship and technical excellence for which Crown has
long been known.

With the best transfer function in the industry, ultra-high
dynamic range and extraordinary damping factor, your
Studio Reference amplifier comes closer to the ideal
“straight wire with gain” than any other amplifier. As
you listen, it will become apparent—the amplifier’s low-
frequency transient response is the standard by which
all others must be judged.

We have taken great care at every step in the creation
of your amplifier—from the selection of its components
to the routing of each wire. It is our goal to provide you
with total satisfaction. This is one reason why we have
spent considerable effort in providing you with the
most complete Owner’s Manual in the business.
Please read it carefully—especially the instructions,
warnings and cautions. It will help you successfully
install and use your new amplifier. Be sure to read
Sections 3.3.2 and 3.3.3 if you plan to use one of the
amplifier’s two mono modes.

Please send in your warranty registration card today
and save your bill of sale because it is your official
proof of purchase. We hope you enjoy your new ampli-
fier, and thank you for choosing Crown.

1.1 Features

Studio Reference amplifiers integrate several cutting
edge technologies that make them the most accurate
reference amplifiers available. For example, in Stereo
mode each channel can actually be treated as a sepa-
rate amplifier because of its separate high-voltage
power supplies and ultra-low crosstalk. Here are some
of its many impressive features:

[ Crown’s unconventional grounded bridge™ circuitry
delivers incredible voltage swings without using
stressful output transistor configurations like other more

®crown

traditional amplifiers. This results in significantly lower
distortion and superior reliability.

Patented ODEP® (Output Device Emulation Protection)
circuitry detects and compensates for overheating and
overload to keep the amplifier working when others
would fail.

10C*® (Input/Output Comparator) circuitry immediately
alerts you of any distortion that exceeds 0.05% to
provide dynamic proof of distortion-free performance.

P.1.P. (Programmable Input Processor) connector
accepts accessories that tailor your amplifier to suit
specific applications.

Extremely wide dynamic range capable of accurately
reproducing 20-bit digital recordings.

Ultra-high damping factor delivers superior loudspeaker
motion control for the cleanest, tightest, chest-thumping
bottom end you've ever felt—or heard.

Super-low harmonic and intermodulation distortion give
your amplifier the best transfer function in the business.

Two mono modes (Bridge-Mono and Parallel-Mono) for
driving a wide range of load impedances.

Custom-designed, tape-wound, low-noise toroidal
supplies with extremely high power density.

High-voltage headroom and high-current headroom
provide energy reserves that make it easy to drive low-
impedance loads and highly reactive loads to full power.

Full protection against shorted outputs, mismatched
loads, general overheating, DC and high-frequency
overloads. Full overvoltage and internal fault protection.

Indicators include Enable, ODEP, IOC, Signal Presence
and the Dynamic Range/Level meter.

Balanced phone jacks and XLR connectors are pro-
vided for input. Two pair of 5-way binding posts per
channel are provided for versatile output connection.

Ground lift switch isolates the AC power and phone jack
audio grounds.

Efficient heat sinks and a self-contained, on-demand,
infinitely variable forced-air cooling system prevents
overheating and prolongs component life.

Internal three-position input sensitivity switch provides
settings of 0.775 volts and 1.4 volts for standard 1 kHz
power, and 26 dB gain.

Mounts in a standard 19 inch (48.3 cm) equipment rack,
or units can be stacked directly on top of each other.

Three year “No-Fault” full warranty completely protects
your investment and guarantees its specifications.
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Fig. 2.1 Front Facilities

2 Facilities

A. Level Controls

Each channel’s output level can be adjusted accurately
using the 31-position detented level controls on the front
panel (see Section 4.4).

B. ODEP Indicators

During normal operation of the amplifier, the ODEP
(Output Device Emulation Protection) indicators glow
brightly to show the presence of reserve thermody-
namic energy. They dim proportionally as energy
reserves decrease. In the rare event that energy re-
serves are depleted, the indicators turn off and ODEP
proportionally limits the output drive so the amplifier can
safely continue operating even under severe conditions.
These indicators also help to identify more unusual op-
erating conditions (see Figure 4.2).

C. /10C Indicators

The I0C (Input Output Comparator) indicators serve as
sensitive distortion indicators to provide proof of
distortion-free performance. Under normal conditions,
the indicators remain off. They flash if the output
waveform differs from the input by 0.05% or more (see
Section 4.2). If the input signal level is too high, the
indicators will also flash brightly with a half-second hold
delay to show input overload or output clipping. Note:
The channel 2 I0OC indicator stays on in Parallel-Mono
mode. See Section 4.2.

D. Signal Presence Indicators
These indicators flash synchronously with the amplifier’'s
audio output to show signal presence. Note: These indi-
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cators may not flash at very low input signal levels. See
Section 4.2.

E. Enable Indicator
This indicator lights when the amplifier has been “en-
abled” or turned on, and AC power is available.

F. Enable Switch

This push button is used to turn the amplifier on and off.
When turned on, the output is muted for about four sec-
onds to protect your system from start-up transients.
This is why a power sequencer is rarely needed for mul-
tiple units. (The turn-on delay can be changed. Contact
Crown'’s Technical Support Group for details.)

G. Dust Filter

The dust filter removes large particles from the air drawn
in by the cooling fan. In most cases, the fan will not run
so the filter will remain clean. If the filter becomes dirty, it
can be removed for easy cleaning (see Section 4.5).

H. Dynamic Range / Level Meters

A five-segment output meter is provided for each chan-
nel. The meters are factory-set to show dynamic range
of the signals in dB, which is computed as the ratio of
peak to average output power. Also, the meter can op-
tionally be set to show output levels (see Section 4.4).

1 Meter Switches

Two switches behind the front panel can be used to
customize the output meters (H). By default, the meters
display dynamic range. To make the meters display sig-
nal levels or to turn them off, see Section 4.4.
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Fig. 2.2 Rear Facilities

I. Reset Switch

This back panel switch can be used to trip and reset the
AC mains circuit breaker (see Section 4.3.4).

J. Power Cord

For 120 VAC, 60 Hz North American units, the Studio
Reference / includes a 10 AWG power cord and NEMA
TT30P plug, and the Studio Reference // includes a
12 AWG cord and NEMA 5-15P plug. Other units are
shipped with an appropriate power cord and plug.

K. P.I.P. Module

The standard P.I.P.-FX input module is provided with
your amplifier. It provides female XLR input connectors.
Each pair of XLR and phone jack connectors is wired in
parallel so the unused connector can be used as a
“daisy chain” output to connect a source to multiple am-
plifiers. Other P.I.P. modules can be used in place of the
P.1.P.-FX to provide additional features that customize
your amplifier for different applications (see Section 8 for
available P./.P. modules).

L. Balanced XLR Inputs

A balanced three-pin female XLR connector is provided
on the P.I.P.-FX (K) for input to each channel. Caution:
Do not use the channel 2 input in either mono mode.

M. Output Connectors
Two pairs of versatile 5-way binding posts are provided
for the output of each channel so multiple loudspeakers
can be connected easily. They accept banana plugs,
spade lugs or bare wire.

N. Stereo/Mono Switch

This switch is used to select one of three operating
modes. Stereo mode is used for normal two-channel
operation, Bridge-Mono mode is used to drive a single
channel with a load impedance of at least 4 ohms, and
Parallel-Mono mode is used to drive a single channel
with a load impedance of less than 4 ohms. WARNING:
Turn off the amplifier before changing this switch
(see Section 3.3).

0. Balanced Phone Jack Inputs

A balanced "4-inch phone jack is provided for input to
each channel. They may be used with either balanced
(tip, ring and sleeve) or unbalanced (tip and sleeve) in-
put wiring (see Section 3.3). These inputs are in parallel
with the P./.P. connector, so they should not be used as
inputs if the installed P.I.P. has active circuitry. Caution:
Do not use the channel 2 input in either mono mode.

P. Ground Lift Switch

The input signal ground may be isolated from the AC
ground with this switch to help prevent unwanted
ground loops. It affects only the phone jacks (O). It has
no affect on the P./.P. module’s XLR connectors. Activat-
ing the switch inserts an impedance between the sleeve
of each phone input jack and the circuit ground.

Q Input Sensitivity Switch

The three-position input sensitivity switch inside the am-
plifier can be accessed by removing the PP module.
Settings include 0.775 volts and 1.4 volts for rated out-
put, and 26 dB voltage gain (see Section 4.4).
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3 Installation
3.1 Mounting

Studio Reference amplifiers are designed for standard
19 inch (48.3 cm) rack mounting or stacking without a
cabinet. In a rack, it is best to mount units directly on
top of each other. This provides the most efficient air
flow and support. If the rack will be transported, we
recommend that you fasten the amplifier's back panel
securely to the rack to help support the unit’'s weight.

@crown. Referencel -

7in
FRONT VIEW (17.3 cm)

I 19in |
(48.3cm)

SIDE VIEW

I 16in | —
(40.6 cm) 1.4in

Fig. 3.1 Mounting Dimensions

Before proceeding, make sure the meter switches are
set to your liking. The front panel assembly must first
be removed to change these switches, so it is easier to
do before the unit is mounted (see Section 4.4).

By now, you may be looking for rack ears. The rack
ears are covered by two attractive end caps which are
held in place by phillips screws (see Figure 3.2). To
use the rack ears, remove the screws and lift off the
caps. With sufficient side clearance, you can reinstall
the end caps once the amplifier is mounted in the rack.

- - = - (NN

ERERR s
Fig. 3.2 Removing an End Cap
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3.2 Cooling

Your amplifier has an internal variable speed fan that is
controlled to match the unit’s real-time cooling needs.
With proper installation and typical studio use, the fan
may never need to run. For best results, you should fa-
miliarize yourself with its cooling requirements.

Here are some tips to help keep your amplifier cool.
First, never block the amplifier’s front or side air vents.
If the amplifier is rack-mounted, its sides should be at
least 2 inches (5 cm) away from the cabinet (see Fig-
ure 3.3). Also, open rack spaces should be covered to
prevent heated air from the side vents from being
drawn out the front of the rack into the front air intake.

You will know when your Studio Reference amplifier
has sufficient cooling because its ODEP indicators will
be brightly lit. If the amplifier's ODEP indicators dim or
turn off, overly demanding conditions are forcing it to
protect itself from overheating. If you experience a
cooling problem, you should consider several factors
that may be contributing to the problem, including load
impedance, air flow and ambient air temperature.

Low-impedance loads generate more heat than higher
impedance loads. To avoid impedance-related cooling
problems, connect loads to each channel with a total
impedance of at least 2 ohms in Stereo, 4 ohms in
Bridge-Mono, and 1 ohm in Parallel-Mono mode (see
Section 3.3 for wiring instructions). If your loads are
reasonable and you still have a cooling problem, check
for shorts in the loudspeaker cables, and look for prob-
lems with air flow or ambient air temperature.

Air flow restrictions are the most common cause of inad-
equate cooling. Restrictions may result from improper

( )
| 17 in |

IMPORTANT: Be sure the back of
the amplifier is supported.

AIR
FLOW

6in AMPLIFIER .

(TOP VIEW)

=

RACK
CABINE

L

AIR FLOW

Fig. 3.3 Top View of a Rack-Mounted Unit
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| FRONT
AIR BLOWER -
FLOW O - (OPTION 2) 1 Rk
~=— DOOR
EQUIPMENT
RACK
(SIDE VIEW)
|
1)
AIR BLOWER
FLOW I (OPTION 1) ‘ O

Fig. 3.4 Proper Air Flow with a Rack-Mounted Blower

mounting, piles of power cords, clogged dust filters and
closed rack doors. Mount your amplifier to allow suffi-
cient air flow into the front intake, out the side exhaust
vents, and out the back of the rack. An air flow restriction
like a pile of power cords can simply be moved out of the
way. Air filters should be cleaned using the procedure in
Section 4.5. Ifrack doors are the problem, you can leave
them open, remove them, or install a grille. If you install
a grille, we recommend using a wire grille because per-
forated panels restrict air flow by at least 40%.

If your ODEPindicators still dim under demanding con-
ditions, we recommend that you check the table of
indicator states in Figure 4.2 to eliminate other condi-
tions that could be the source of the problem. If it is
clear that the amplifier does not have sufficient air flow,

STEREO MODE

CHTTITITIITY AN CHANNEL 1

®crown

you may want to install supplemental cooling like a
rack-mounted blower or an air conditioner.

A “squirrel cage” blower can be installed at the bottom
of the rack so it blows outside air into the space be-
tween the door and the front of the amplifiers. This will
pressurize the “chimney” behind the door (Figure 3.4,
Option 1). The blower should not blow air into or take
air out of the space behind the amplifiers. For racks
without a front door, you can evacuate the rack by
mounting the blower at the top of the rack so air blows
out the back (Figure 3.4, Option 2). You can estimate a
rack’s required air flow by adding each unit's maxi-
mum air flow rating. The Studio Reference / and // can
each move up to 45 cubic feet (1.3 cubic meters) of air
per minute. So if you put one of each in a rack, you
would need 90 cubic feet (2.5 cubic meters) of air flow
through the rack per minute under worst-case condi-
tions (45 cubic feet + 45 cubic feet = 90 cubic feet).

Another way to increase cooling is to use air condition-
ing. It is rarely a necessity because internal fans and
rack-mounted blowers almost always provide enough
air flow for the most extreme conditions. Still, air condi-
tioning helps reduce the ambient temperature of the air
flowing through the rack. If you plan to use air condi-
tioning, refer to Section 7 for information on calculating
the hourly thermal dissipation of your system.

3.3 Wiring

Figures 3.5 through 3.7 show common ways to set up a
Studio Reference amplifier. Input and output connec-
tors are located on the back panel. Be careful when

CHANNEL 2
LOUDSPEAKER

CHANNEL 2
A

MIXER

14

CHANNEL 1
LOUDSPEAKER +

STUDIO REFERENCE
AMPLIFIER

STEREO

PARALLEL . BRIDGE

HOND
CAUTION: TURN OFF AMPLIFIER
BEFORE CHANGING THIS SWITCH!

Fig. 3.5 Stereo Wiring
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making connections, selecting sources and controlling
output levels. The load you save may be your own!
Crown is not responsible for damaged loads that result
from carelessness or deliberate overpowering.

CAUTION: Always disconnect the AC power and
turn the level controls down when making or break-
ing connections. This practice reduces the chance of
loud blasts that can cause loudspeaker damage.

Studio Reference amplifiers provide three operating
modes: Stereo, Bridge-Mono and Parallel-Mono. Ste-
reo mode provides standard two-channel operation;
Bridge-Mono provides a single channel with double
the output voltage of Stereo mode; and Parallel-Mono
mode provides a single channel with double the output
current of Stereo mode. These modes can be selected
using the stereo/mono switch on the back panel. Each
mode is wired differently, so be sure to note any spe-
cial wiring requirements for the mode you will be using.

3.3.1 Stereo (Two-Channel) Operation

Stereo mode installation is very intuitive: input chan-
nel 1 feeds output channel 1, and input channel 2
feeds output channel 2. To put the amplifier into Stereo

Studio Reference I & Il Professional Studio Amplifiers

mode, turn it off, slide the stereo/mono switch to the
center position, and properly connect the output wiring
as shown in Figure 3.5. Each output channel has two
sets of binding posts to make it easier for you to con-
nect multiple loudspeaker cables to each channel. Be
sure to observe correct loudspeaker polarity (see Fig-
ure 3.5) and be careful not to short the outputs.

CAUTION: In Stereo mode, never tie an amplifier’s
outputs together directly, and never parallel them
with the output of another ampilifier. Such connec-
tions do not result in increased output power, but may
activate the protection circuitry to prevent overheating.

3.3.2 Bridge-Mono Operation

Bridge-Mono mode is used to drive loads with a total
impedance of at least 4 ohms (see Parallel-Mono if the
load is less than 4 ohms). Wiring for Bridge-Mono
mode is different from the other modes and requires
special attention. First, turn off the amplifier. Then se-
lect Bridge-Mono mode by sliding the stereo/mono
switch to the right (as you face the back panel). Both
outputs receive the channel 1 input signal, but chan-
nel 2 is inverted so it can be bridged with channel 1.
Do not use the channel 2 input or signal quality will be

BRIDGE-MONO MODE
CHANNEL 1 = g
+
]
MIXER DO NOT USE LOUDSPEAKER
THE CHANNEL 2

INPUTS.
N\
AN . .

DO NOT USE
THE BLACK
BINDING

O
(01O}
Il

STUDIO REFERENCE
AMPLIFIER

STEREO

]
L
@

POSTS.

= 7]

PARALLEL [ 7. BRIDGE
MONO " MONO
CAUTION: TURN OFF AMPLIFIER
BEFORE CHANGING THIS SWITCH!

Fig. 3.6 Bridge-Mono Wiring
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greatly degraded. Also, turn down the channel 2 level
control (fully counterclockwise).

Note: The channel 2 input and level control are not de-
feated in Bridge-Mono mode. Any signal feeding chan-
nel 2 will work against the channel 1 signal, and usually
results in distortion and inefficient operation.

Connect the load across the two red (+) binding posts
(see Figure 3.6). The positive (+) loudspeaker lead
connects to the red channel 1 binding post, and the
negative (-) or ground lead from the loudspeaker con-
nects to the red channel 2 binding post. Do not con-
nect the black binding posts (-). Also, the load must be
balanced (neither side shorted to ground).

CAUTION: Only connect balanced equipment
(meters, switches, etc.) to the Bridge-Mono output.
Both sides of the line must be isolated from the in-
put grounds or oscillations may occur.

3.3.3 Parallel-Mono Operation

Parallel-Mono mode is used to drive loads with a total
impedance of less than 4 ohms (see Bridge-Mono if the
load is 4 ohms or more). Wiring for Parallel-Mono mode

®crown

is very different from the other modes and requires
special attention.

To select Parallel-Mono mode, turn off the amplifier and
slide the stereo/mono switch to the left (as you face the
back panel). Connect the input signal to channel 1 only.
The channel 2 input and level control are bypassed in
this mode, so they should not be used.

Note: It is normal for the channel 2 IOC indicator to stay
on in Parallel-Mono mode.

Connect the load to the channel 1 output as shown in
Figure 3.7. The positive (+) lead from the loudspeaker
connects to the red channel 1 binding post, and the
negative () or ground lead from the loudspeaker con-
nects to the black channel 1 binding post. Finally, in-
stall a jumper wire of at least 14 gauge between the
channel 1 and channel 2 red binding posts.

CAUTION: When Parallel-Mono wiring is installed,
do not attempt to operate in Stereo or Bridge-Mono
mode until the wiring is removed (especially the
jumper wire). Failure to do so will result in high dis-
tortion and excessive heating.

PARALLEL-MONO MODE

LAHTTTITTITRAN AW CHANNEL 1

MIXER THE CHANNEL 2
INPUTS ARE

NOT USED

g

ADD A 14 GAUGE *
OR LARGER

JUMPER BETWEEN
THE CHANNEL 1
AND 2 RED (+)

BINDING POSTS

\

LOUDSPEAKER

®

@

STUDIO REFERENCE
AMPLIFIER

STEREO

TM‘@ 06 |

7]

PARALLEL | ] ., BRIDGE
MONO - MONO
CAUTION: TURN OFF AMPLIFIER
BEFORE CHANGING THIS SWITCH!

Fig. 3.7 Parallel-Mono Wiring
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3.3.4 Input Connection

The balanced inputs have a nominal impedance of
10 K ohms (5 K ohms unbalanced) and will accept the
line-level output of most devices. Phone jacks are pro-
vided on the back panel, while the factory-installed
P.L.P.-FX provides female XLR input connectors (see
Figure 2.2). Optional P./.P. modules like the P.I.P.-BB
and the P.I.P.-FPX can provide barrier block and
phono (RCA) connectors. Various P./.P.s are also avail-
able which provide a wide range of input signal pro-
cessing features (see Section 8).

Correct input wiring depends on two factors:
(1) whether the input signal is balanced or unbal-
anced, and (2) whether the signal floats or has a
ground reference. Figures 3.8 and 3.9 show the recom-
mended connection techniques for each combination
of source signal characteristics.

L -+ )

INPUT
Shield connected
to ground terminal
|
'r.' """""""""

b‘: 2-wire line cord L -+ >
(or battery power) J

INPUT
Shield is not
connected
/ at this end
</rt7 ‘/ ------------------ : 0

Output +—m————————————————

M.E 3-wire grounded line cord
(or other ground connection)

INPUT
Floating Shield connected to both
source negative () and ground
___inputterminals \
Output ’_7"_7 * ;e

.........................

b.: 2-wire line cord
(or battery power)

Floating
source

t t//'/
Outpu +

Grounded
source

Twin-lead shielded cable

|,_

|

+

J U

I+
|
-+

~

Single-conductor coax
or twisted pair

INPUT
Grounded Input ground
source terminal not used
Li—e T 7
Output +—————————————————————

u 3-wire grounded line cord
(or other ground connection) -/
Fig. 3.8 Unbalanced Input Wiring
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-
|
+

Note: If two or more channels with
the same input ground reference
are driven from the same
floating source, connect
only one shield to the
source chassis.

INPUT
Floating
source

Veed e
Output —
+ .

L.: 2-wire line cord
(or battery power)

INPUT

Shield not connected
/ at this end

Grounded
source

........................

7
Output :
+ S ——

kLLE.E 3-wire grounded line cord
(or other ground connection)

Fig. 3.9 Balanced Input Wiring

The amplifier’s built-in 4-inch input phone jacks can
be wired similarly for balanced or unbalanced, floating
or ground-referenced sources. They have a standard
tip-ring-sleeve (TRS) configuration: the tip is positive
(+), the ring is negative (-) and the sleeve is ground
(see Figure 3.10). Wiring for various sources follows
the XLR wiring examples in Figures 3.8 and 3.9.

If you install a P.I.P. module other than the P.L.P.-FX,
P.I.LP.-BB, P.I.P.-FMX or P.I.P.-FPX, do not connect in-
put signals to the phone jacks. The phone jacks are in
parallel with the output of the P.I.P. module, so the
source connected to the phone jacks can feed into the
P.I.P. and generate a distortion in the output. The
phone jacks can still be used as “daisy chain” outputs
to feed the post-processed signal from the P.I.P. to the
input of other amplifiers.

If the amplifier will be used in Bridge-Mono or Parallel-
Mono mode, be sure to follow the instructions provided
in Sections 3.3.2 and 3.3.3. Do not use the channel 2
input in either mono mode.

| -

+
_ BALANCED

= SHIELD

+
UNBALANCED

| E——

= SHIELD

Fig. 3.10 Balanced and Unbalanced Phone Plugs
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SOLVING INPUT PROBLEMS

Sometimes large subsonic (subaudible) frequencies
are present in the input signal. These can damage
loudspeakers by overloading or overheating them. To
attenuate such frequencies, place a capacitor in series
with the input signal line. The graph in Figure 3.11
shows some capacitor values and how they affect the
frequency response of a Studio Reference amplifier.

Use only low-leakage capacitors.

dB

’/ ///":/ ///"-/

/ /4
/| / // / /

o /4 4

k4
2 up
0.
g '1)‘/,

[/
/2 il

1Hz 10 Hz 100 Hz 1 kHz

Frequency

Fig. 3.11 Subsonic Filter Capacitors

10 kHz

Another problem to avoid is large levels of radio fre-
quencies or RF in the input signal. Although high RF
levels may not pose a threat to the amplifier, they can
burn out tweeters or other loads that are sensitive to
high frequencies. Extremely high RF levels can also
cause your amplifier to prematurely activate its protec-
tion circuitry, resulting in inefficient operation. RF can
be introduced into a signal by local radio stations and
from the bias signal of many tape recorders. To pre-
vent high levels of input RF, install an appropriate
low-pass filter in series with the input signal. Some ex-
amples of unbalanced wiring for low-pass filters are

shown in Figure 3.12.

910 ohms

To
10056 Amp

Source uf

dB

® GND EN\G dBloctave
3.9mH y N
A.I;r? 12 dB/octA\ A \\~ 0
R 600 ohm 015 P AN B
Source uf
GND c

5mH

\\\

gwallivrs puatt
Amp
018

R 600 ohm 8

LY

Source W
GND

N

©

Note: A low source impedance (R) can be
increased to 600 ohms with an appropriate resistor. Frequency

4 kHz 10 kHz

Fig. 3.12 Unbalanced RF Filters

40 kHz

100 kHz

For balanced input wiring, use an example from Fig-
ure 3.13. Filters A, B and C correspond to the
unbalanced filters shown in Figure 3.12. Filter D also
incorporates the subsonic filter in Figure 3.11.

®crown

470 ohms

+ >—\/\/\/\T> +
@ Balanced In 0056

uf I Balanced Out

470 ohms

1.8 mH

* >—fZYU\—_L—> +
Balanced In >_rm\015i>

uf Balanced Out

+ >—fm\—_r> +
018

© Balanced In Balanced Out

uf I
0.47 Film 1.8 mH

N >_| .01SI *

(D) Balanced In Balanced Out

D

0.47 Film 1.8 mH

Fig. 3.13 Balanced RF Filters

Tip: The P.I.P.-FX has plenty of space on its circuit
board for the addition of input filter circuitry.

Another problem to avoid is ground loops. These are
undesired currents that flow in a grounded system and
usually cause hum in the output. A common source of
ground loop problems is the placement of input cables
parallel to power cables or near power transformers.
The magnetic field that surrounds these conductors
can induce the 50 or 60 Hz alternating current into your
input cables. To prevent this type of ground loop, it is
always a good idea to locate input cables away from

Input Wiring Tips

1. Use only shielded cable. Cables with
higher density shields are better. Spiral
wrapped shield is not recommended.

2. When using unbalanced lines, keep the
cables as short as possible. Avoid cable
lengths greater than 10 feet (3 meters).

3. Do not run signal cables together with
high-level wiring such as loudspeaker wires
or AC cords. This reduces the chance of
hum or noise being induced into the input
cables.

4. Turn the entire system off before chang-
ing connections. Turn level controls down
before powering the system back up. Crown
is not liable for damage incurred when any
transducer or component is overdriven.
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power cables and power transformers. We also recom-
mend using shielded or twisted pair wire. With loose
wires, use tie-wraps to bundle together each pair of in-
put wires. This helps reduce magnetically-induced
current by minimizing the cross-sectional area be-
tween conductors that could bisect the magnetic field.

Ground loops often occur when the input and output
grounds are tied together. DO NOT CONNECT THE
INPUT AND OUTPUT GROUNDS TOGETHER. Tying
the grounds together can also cause feedback oscil-
lation from the load current flowing in the loop. To
avoid this problem, use proper grounding, isolate the
inputs, and isolate other common AC devices. When
using the input phone jacks, the signal grounds can be
isolated from the AC mains ground with the ground lift
switch located on the amplifier's back panel (see Fig-
ure 2.2 and Section 4.4).

3.3.5 Output Connection

Consider the rated power-handling capacity of your
load before connecting it to the amplifier. Crown is not
liable for damage incurred at any time due to overpow-
ering. Fusing loudspeaker lines is highly recom-
mended (see Section 3.3.6). Also, please pay close
attention to Section 4.1, Precautions.

You should always install loudspeaker cables of suffi-
cient gauge (wire thickness) for the length used. The
resistance introduced by inadequate output wiring will
reduce the amplifier's power to and motion control of
the loudspeakers. The latter problem occurs because

Use Good Connectors

1. Male connectors on loudspeaker cables
should not be exposed to prevent possible
short circuits.

2. Connectors which might accidentally
cause the two channels to be tied together
when making and breaking connections
should not be used. (A common example is
the standard three-wire stereo phone plug.)

3. Connectors which can be plugged into
AC power receptacles should never be used.

4. Connectors having low current-carrying
capacity should not be used.

5. Connectors having any tendency to short
should never be used.
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the damping factor decreases as the cable resistance
increases. This is very important because the ampli-
fier's excellent damping factor can be easily negated
by using insufficient cable.

Use the nomograph in Figure 3.14 and the procedure
that follows to find the recommended wire gauge
(AWG or American Wire Gauge) for your system.

- .0002 Rs
SOURCE
RESISTANCE

1 o004 (ohms)

-+ .0006

R
Rs -+ 002
DAMPING
FACTOR

20,000 — 1 004
10,000 = 008

5,000 +

2,000 T

COPPER
WIRE
(AWG)

8000
5000
(ohms/1000 ft.)

40— RL 1,000 =
LOAD +
1 RESISTANCE 1
(ohms) 500

2-COND. 1000
CABLE
(feet)

500

Example Shown:
R|_ =8 ohms; Rg =0.016 ohms or D.F. = 500;
Cable Length = 10 ft.; answer: #8 wire

Fig. 3.14 Wire Size Nomograph
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1. For loads connected in parallel, use the equation that
follows to calculate each channel’s total load resistance.
Substitute the rated impedance of the connected loud-
speakers for the Zs in the equation. When finished, mark
your answer on the nomograph’s “Load Resistance” line.

Total Load Resistance in Ohms = ('iz, + "|z, + "lz5...)~"

2. Select an acceptable damping factor and mark it on
the “Damping Factor” line. Your amplifier can provide an
phenomenal damping factor of 20,000 from 10 to 200 Hz
in Stereo mode with an 8 ohm load. In contrast, most
other amplifiers have a damping factor rating of 200 or
less. Higher damping factors yield lower distortion and
greater motion control over the loudspeakers. To give you
a basis for comparison, effective damping factors for
commercial applications typically run between 50 and
100. Higher damping factors may be desirable for live
sound, but long cable lengths often limit the highest
damping factor that can be achieved practically. (Under
these circumstances, Crown’s /Q System is often used so
amplifiers can be easily monitored and controlled when
they are located very near the loudspeakers.) In record-
ing studios and home hi-fi, a damping factor of 500 or
more is very desirable.

3. Draw a line through the two points with a pencil, and
continue until it intersects the “Source Resistance” line.

4. On the “2-Cond. Cable” line, mark the length of the
cable run.

5. Draw a pencil line from the mark on the “Source Resis-
tance” line through the mark on the “2-Cond. Cable” line,
and on to intersect the “Annealed Copper Wire” line.

6. The required wire gauge for the selected wire length and
damping factor is the value on the “Annealed Copper Wire”
line. Note: Wire size increases as the AWG gets smaller.

7. If the size of the cable exceeds what you want to use,
(1) find a way to use shorter cables, like using the IQ Sys-
tem, (2) settle for a lower damping factor, or (3) use more
than one cable for each line. Options 1 and 2 will require the
substitution of new values for cable length or damping factor
in the nomograph. For option 3, estimate the effective wire
gauge by subtracting 3 from the apparent wire gauge every
time the number of conductors of equal gauge is doubled.
So, if #10 wire is too large, two #13 wires can be substituted,
or four #16 wires can be used for the same effect.

SOLVING OUTPUT PROBLEMS
High frequency oscillations can cause your amplifier
to prematurely activate its protection circuitry. The ef-
fects of this problem are similar to the effects of the RF
problem described in Section 3.3.4. To prevent high-
frequency oscillations, follow these guidelines:

1. When using long cable runs, or when different

®crown

amplifiers share a common cable tray or jacket,
use tie-wraps to bundle individual conductors so
the wires for each loudspeaker are kept close
together. (Do not bundle wires from different
amplifiers.) This reduces the chance of conduc-
tors acting like antennas to transmit or receive the
high frequencies that can cause oscillation.

Avoid using shielded loudspeaker cable.

Never tie together input and output grounds.
Never tie together the output of different amplifiers.
Keep output cables separated from input cables.

S e A

Install a low-pass filter in series with each input
(see Section 3.3.4).

7. Install the input wiring according to the instruc-
tions in Section 3.3.4.

Another problem to avoid is the presence of large
subsonic currents when primarily inductive loads are
used. Examples of inductive loads are 70-volt step-up
transformers and electrostatic loudspeakers.

Inductive loads can appear as a short circuit at low fre-
guencies. This can cause the amplifier to produce
large low-frequency currents and activate its protec-
tion circuitry. Always take the precaution of installing a
high-pass filter in series with the amplifier’s input when
inductive loads are used. A three-pole, 18 dB per oc-
tave filter with a -3 dB frequency of 50 Hz is recom-
mended (some applications may benefit from an even
higher -3 dB frequency). Such a filter is described with
the subsonic frequency problems in Section 3.3.4.

Another way to protect inductive loads from large low-
frequency currents and prevent the amplifier from pre-
maturely activating its protective systems is to parallel
a 590 to 708 uF nonpolarized motor start capacitor and
4-ohm, 20-watt resistor in series with the amplifier out-
put and the positive (+) transformer lead. This circuit is
shown in Figure 3.15. It uses components that are

4-ohm, 20-watt
Resistor

590 to 708 uf Capacitor +
120 VAC, N.P.

From
Amplifier

|

|

|

|

|

| Inductive
Output }

|

|

|

|

Load

YTV

Fig. 3.15 Inductive Load (Transformer) Network
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available from most electrical supply stores.

3.3.6 Additional Load Protection

Studio Reference amplifiers can deliver very high
power levels, so it's a good idea to add protection for
your loudspeakers if it is not built-in. Loudspeakers are
subject to thermal damage from sustained overpower-
ing and mechanical damage from large transient volt-
ages. In both cases, fuses may be used to protect your
loudspeakers, or you may opt for the convenience of a
P.1.P. module that provides similar protection.

Thermal protection and voltage protection require dif-
ferent types of fuses. Slow-blow fuses are used to pre-
vent thermal damage because they respond to thermal
conditions like a loudspeaker. High-speed instrument
fuses like the Littlefuse 361000 series are used to pro-
tect loudspeakers from transient voltages. The nomo-
graph in Figure 3.16 can be used to select the correct
fuse for thermal or voltage protection.

There are two common ways to install the fuses. One
approach is to put a single fuse in series with each out-
put. This is easy because there is only one fuse per
channel to install. But if the fuse blows, power is re-
moved to all of the connected loads.

— 3000

t— 2000
— 1500
— 1000
— 800
600

400

300

200

Example: - 1%

Impedance = 8 ohms.
Peak Power =75 W

—100
80
60

|

8 —
Answer: Fuse=15A

9 ——

s
3

10 ——

@
3

[
»
3
(Typically 4 times the continuous average power)

I
&

14—

=]

16 ——

w
|
[

20 ——

(watts)

FUSE
(amps)

2 1

25 ——

LOUDSPEAKER RATING
PEAK MUSIC POWER

A5 ——

LOUDSPEAKER IMPEDANCE
(ohms)

30 ——

4 —t —1— 15

08 —— —1
40 ——

Fig. 3.16 Loudspeaker Fuse Nomograph
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A better approach is to fuse each driver independently.
This allows you to apply the most appropriate protec-
tion for the type of driver being used. In general, low-
frequency drivers (woofers) are most susceptible to
thermal damage and high-frequency drivers (tweeters)
are usually damaged by large transient voltages. This
means that your loudspeakers will tend to have better
protection when the woofers are protected by slow-
blow fuses and high-frequency drivers are protected
by high-speed instrument fuses.

Depending on the application, you may want to use a
specialized P.I.P. module to protect your loudspeak-
ers. Again, some modules are more appropriate for
long-term thermal protection, while others are more ap-
propriate for protection against transients. A
Smart Amp™ 1Q-P.1.P. module is most commonly used
for long-term loudspeaker thermal protection. Each
Smart Amp channel provides an independent “smooth
output limiter” that controls average output levels over
time while it allows transients to pass.

Most of the other P.I.P. modules that provide signal-
driven compression can be used to prevent loud-
speaker damage from transient voltage. These
modules include the P.I.P.-AMCb, P.I.P.-EDCb and
P.I.P.-PA. While the P.I.P.-EDCb is most commonly
used for general loudspeaker protection, the
P.I.P.-AMCb is very popular in systems that require a
high-quality crossover, and the P.I.P.-PA is the proces-
sor of choice for applications that require a microphone
and line level input for each channel. And finally, the
Smart Amp 1Q-P.1.P-DP provides both an input com-
pressor for transient protection and a smooth output
limiter for long-term thermal protection. For more infor-
mation on P./.P. modules, see Section 8.

3.4 AC Mains Power

All Studio Reference amplifiers are shipped with an
appropriate line cord and plug. The 120 VAC, 60 Hz
North American Studio Reference / has a special
TT30P plug and includes a matching receptacle. Al-
ways use an isolated power receptacle whenever pos-
sible with adequate voltage and current. Excessive line
voltages 10% or higher above the rated voltage will
cause the amplifier to activate its standby mode (see
Section 4.3.2). For example, do not exceed a 132 VAC
with models rated for 120 VAC operation.

Unless otherwise noted, all specifications in this
manual were measured using 120 VAC, 60 Hz power
mains with voltage accurate to within 0.5% and THD of
less than 1.0% under all test conditions. Performance
variations can occur at other AC mains voltages and
line frequencies. Line regulation problems will directly
affect the output power available from the amplifier.
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4 Operation

4.1 Precautions

Although your amplifier is protected from internal and
external faults, you should still take the following pre-
cautions for optimum performance and safety:

1. Improper wiring for the Stereo, Bridge-Mono or
Parallel-Mono modes can result in serious operat-
ing difficulties (see Sections 3.3.1 through 3.3.3).

2. When driving an inductive load like an electrostatic
loudspeaker, use a high-pass filter or protective
network to prevent premature activation of the
amplifier’s protection circuitry (see Section 3.3.4).

g 3. WARNING: Do not change the position of the ste-

reo/mono switch unless the amplifier is first turned
off.

g 4. CAUTION: In Parallel-Mono mode, a jumper must

be installed between the channel 1 and 2 red (+)
binding post outputs. Be sure to remove this jumper
for Stereo or Bridge-Mono modes, otherwise high
distortion and excessive heating will occur. Check
the stereo/mono switch on the back panel for
proper position.

a 5. Turn off the amplifier and unplug it from the AC

mains before removing the amplifier's P./.P. mod-
ule or dust filter.

6. Use care when making connections, selecting sig-
nal sources and controlling the output level. The
load you save may be your own!

7. Do not short the ground lead of an output cable to
the input signal ground. This will form a ground
loop and may cause oscillations.

8. Operate the amplifier from AC mains of not more
than 10% above or below the selected line voltage
and only at the rated line frequencies.

a 9. Never connect the output to a power supply output,

battery or power main. Such connections may re-
sult in electrical shock.

10. Tampering with the circuitry by unqualified person-
nel, or making unauthorized circuit changes may
be hazardous and invalidates all agency listings.

Remember: Crown is not liable for damage that results
from overdriving other system components.

4.2 Indicators

The front panel has several helpful indicators. The en-
able indicator is provided to show the amplifier has
been turned on (or enabled) and that its low-voltage
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ODEP 10C Signal

signal 10C  ODEP

35 20 15 0 5 Dynami
Range

5 0 15 220 25

0 -5 -0 -5 20 & -0 %5 -1 -5 0

Fig. 4.1 Indicators

power supply and on-demand forced air cooling sys-
tem are working. It does not indicate the status of the
high-voltage power supplies. For example, the enable
indicator will stay on in the improbable event that one
or both channels overheat causing an internal shut
down of the high voltage supplies.

The green ODEP indicators confirm the normal opera-
tion of Crown'’s patented Output Device Emulation Pro-
tection circuitry. During normal operation, they glow
brightly to confirm the presence of reserve thermody-
namic energy. They dim proportionally as the energy
reserve decreases. In the rare event that there is no
reserve, the indicators will turn off and ODEP will pro-
portionally limit the drive level of the output stages so
the amplifier can continue safe operation even when
the operating conditions are severe. (For a more de-
tailed description of ODEP, see Section 4.3.1.)

A channel’'s ODEP indicator also turns off if its high-
voltage power supply is put in “standby” mode or the
amplifier’s circuit breaker is tripped. The standby
mode is activated if DC or heavy common-mode cur-
rent is detected in the output, if the transformer thermal
protection system is activated, if a P.I.P. like the Smart
Amp 1Q-P.1.P. is used to shut down a high-voltage sup-
ply, or if excessive AC mains voltage is detected. For
more information see Section 4.3 and the table in Fig-
ure 4.2.

The yellow IOC indicators act as sensitive distortion
meters to provide proof of distortion-free performance.
The I0C (Input/Output Comparator) circuitry compares
the incoming signal’'s waveform to that of the output.
Any difference between the two is distortion. The /OC
indicators flash if there is a difference of 0.05% or
more. The /OC indicators also show input overload by
flashing brightly with a half-second hold delay. It is nor-
mal for them to light momentarily when the amplifier is
first turned on. Note: The channel 2 I0OC indicator will
stay on in Parallel-Mono mode. Also, an I0C indicator
will stay on in abnormal situations where a high-voltage
power supply is temporarily put in standby mode.

Page 19



mCcrown

The green signal presence indicators flash synchro-
nously with the amplifier's output signal. The signal de-
tector is connected to the signal path after the input
gain stages and level controls, so a flashing indicator
tells you that there is audio in and out of the amplifier.
Note: The signal presence indicators may not report
signal presence if the output signal level is too low.

The dynamic range/level meters are five-segment
output meters that can be set to monitor either the dy-
namic range or the level of the output signal. They are
factory-set to show dynamic range. A switch located
behind the front panel is used to select the meter dis-
play mode (see Section 4.4 for complete instructions).

Studio Reference I & M Professional Studio Amplifiers

As dynamic range meters they show each channel’s
ratio of peak-to-average power in dB. The dynamic
range may be low for sources like AM/FM radio or low-
quality recordings. Other sources like live music or
high-quality recordings may be much higher. As out-
put level meters they show how high the output levels
are in dB relative to full power. At 0 dB, the unit is deliv-
ering full standard 1 kHz power (see Section 6).

4.3 Protection Systems

Studio Reference amplifiers provide extensive protec-
tion and diagnostics capabilities. Protection systems
include ODEP, standby mode, an AC circuit breaker

Indicator Status Amplifier Condition

ODEP 10C SIGNAL
Q9O
OFF

OFF OFF

There is no power to the amplifier. Possible reasons: (1) The amplifier's enable switch is off. (2) The
amplifier is not plugged into the power receptacle. (3) The AC mains circuit breaker has been tripped.
(4) The amplifier’s circuit breaker has been tripped.

ODEP 10C SIGNAL

ON N

ON OFF OFF

Normal operation for a channel with NO output. Possible reasons: (1) There is no input signal.
(2) The input signal level is very low. (3) The channel’s level control is turned down.

ODEP 10C SIGNAL

- BON

OFF ON OFF

The amplifier is in standby mode. Possible reasons: (1) The amplifier has just been turned on and
is still in the four second turn-on delay. (2) A P./.P. module such as an IQ-P.I.P. has turned off the
channel’s high-voltage supply. (3) The DC/low-frequency protection circuitry has been activated.
(4) The fault protection circuitry has been activated. (5) The transformer thermal protection circuitry
has been activated. (6) The overvoltage protection circuitry has been activated.

ODEP 10C SIGNAL

@ @O

OFF OFF Active

ODEP limiting is about to begin or has just ended. Possible reasons: (1) The amplifier’s air filter is
blocked and needs to be cleaned. (2) There is insufficient cooling because of inadequate air flow or air
that is too hot. (3) The load impedance for the channel is too low because the output is shorted or the
amplifier is driving too many loudspeakers for the selected stereo/mono mode. (4) The amplifier
channel is continuously being driven to very high output levels.

ODEP 10C SIGNAL

00 @

ON ON OFF

Channel 2 only: The amplifier is in Parallel-Mono mode with no output. The channel 2 /OC indi-
cator always turns on when the amplifier’s stereo/mono switch is moved to the Parallel-Mono position.

ODEP 10C SIGNAL

O @ O

ON OFF Active

show that there is audio output.

Normal operation for a channel with audio output. The ODEP indicator will remain at full intensity
to show that there is reserve thermal-dynamic energy and the signal presence indicator will flash to

ODEP 10C SIGNAL

@ OO

OFF ON Active

ODEP limiting has been activated. Possible reasons: (1) The amplifier’s air filter is blocked and needs
to be cleaned. (2) There is insufficient cooling because of inadequate air flow or air that is too hot.

(3) The load impedance for the channel is too low because the output is shorted or the amplifier is
driving too many loudspeakers for the selected stereo/mono mode. (4) The amplifier channel is
continuously being driven to very high output levels.

ODEP 10C SIGNAL

QO O O

ON ON Active

The channel’s output is exceeding 0.05% distortion. The input signal level is too high, and /OC is
reporting either an input overload or output clipping.

Channel 2 only: The amplifier is in Parallel-Mono mode and has output. The channel 2 /OC indi-
cator always turns on when the amplifier’s stereo/mono switch is moved to the Parallel-Mono position.

OR

Fig. 4.2 Studio Reference Indicator States
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and transformer thermal protection. These systems will
prevent amplifier damage in virtually any situation.

4.3.1 ODEP

Crown invented ODEP to solve two long-standing
problems in amplifier design: to prevent amplifier shut-
down during demanding operation and to increase the
efficiency of output circuitry.

To do this, Crown established a rigorous program to
measure the safe operating area (SOA) of each output
transistor before installing it in an amplifier. Next,
Crown designed intelligent circuitry to simulate the in-
stantaneous operating conditions of the output transis-
tors. Its name describes what it does: Output Device
Emulation Protection or ODEP. In addition to simulating
the operating conditions of the output transistors, it also
compares their operation to their known SOA. If ODEP
sees that more power is about to be asked of the output
transistors than they are capable of delivering under
the present conditions, ODEP immediately limits the
drive level until it falls within the SOA. Limiting is pro-
portional and kept to an absolute minimum—only what
is required to prevent output transistor damage.

This level of protection enables Crown to increase out-
put efficiency to never-before-achieved levels while
greatly increasing amplifier reliability.

The on-board intelligence is monitored two ways. First,
the amplifier’'s ODEP indicators show whether the unit
is functioning correctly or if ODEP is limiting output.
Second, ODEP data is fed to the amplifier’s internal
P.I.P. connector so advanced P.I.P. modules like the
IQ-P.I.P. can use it to monitor and control the amplifier.

This is how ODEP keeps the show going with maxi-
mum power and maximum protection at all times.

4.3.2 Standbhy Mode

An important part of a Studio Reference amplifier’s pro-
tection systems is standby mode. Standby protects the
amplifier during potentially catastrophic conditions. It
temporarily removes power from the high-voltage sup-
plies to protect the amplifier and its loads. Standby
mode can be identified using the table in Figure 4.2.

Standby mode is activated in five situations. First, when
you turn on the enable switch, standby mode is acti-
vated to provide turn-on protection. This power-up de-
lay lets other system components settle before any
signals are amplified and it provides some power-up
“randomness” for multiple units so the system’s start-up
current demands are better distributed over time.

®crown

The amplifier's overvoltage protection circuitry will
put both channels into standby when excessive AC
mains voltage is detected. Studio Reference amplifiers
should not be operated with an AC mains voltage of
more than 10% over the unit’s rated voltage.

If dangerous subsonic frequencies or direct current
(DC) is detected in the amplifier’s output, the unit will
activate its DC/low-frequency protection circuitry
and put the affected channels in standby. This protects
the loads and prevents oscillations. The amplifier re-
sumes normal operation as soon as it no longer detects
dangerous low-frequency or DC output. Although it is
extremely unlikely that you will ever activate the
amplifier's DC /low-frequency protection system, im-
proper source materials such as subsonic square
waves or input overloads that result in excessively
clipped signals can activate this system.

The amplifier’s fault protection system will put an am-
plifier channel into standby mode in rare situations
where heavy common-mode current is detected in the
channel’s output. The amplifier should never output
heavy common-mode current unless its circuitry is
damaged in some way, and putting the channel into
standby mode helps to prevent further damage.

The amplifier's transformer thermal protection cir-
cuitry is activated in very unusual circumstances where
the unit’s transformer temperature rises to unsafe lev-
els. Under these abnormal conditions, the amplifier will
put both channels into standby mode. The amplifier will
return to normal operation after the transformer cools to
a safe temperature. (For more information on trans-
former thermal protection, refer to the section that fol-
lows.)

4.3.3 Transformer Thermal Protection

All Studio Reference amplifiers have transformer ther-
mal protection which protects the power supplies from
damage under rare conditions where the transformer
temperature rises too high. A thermal switch embed-
ded in the transformer removes power to the high-volt-
age power supplies if it detects excessive heat. The
switch automatically resets itself as soon as the trans-
former cools to a safe temperature.

If your amplifier is operated within rated conditions, it is
extremely unlikely that you will ever see it activate
transformer thermal protection. One reason is that
ODEP keeps the amplifier working under very severe
conditions. Even so, higher than rated output levels,
excessively low-impedance loads and unreasonably
high input signals can generate more heat in the trans-
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former than in the output devices. This can overheat
the transformer and activate its protection system.

Studio Reference amplifiers are designed to keep work-
ing under conditions where other amplifiers would fail.
But even when the limits of a Studio Reference amplifier
are exceeded, it still protects itself—and your invest-
ment—from damage.

4.3.4 Circuit Breaker

A back panel circuit breaker is provided to prevent ex-
cessive current draw by the high-voltage power sup-
plies. A Studio Reference / configured for 100 to
120 VAC has a 30 amp circuit breaker, while the 220 to
240 VAC version has a 20 amp circuit breaker. A Stu-
dio Reference // configured for 100 to 120 VAC uses a
20 amp circuit breaker, and the 220 to 240 VAC ver-
sion has a 10 amp circuit breaker. With rated loads and
output levels, this breaker should only trip in the incred-
ibly rare instance of a catastrophic amplifier failure. The
ODEP system keeps the amplifier safe and operational
under most other severe conditions. The breaker can
also trip in situations where extremely low-impedance
loads and high output levels result in current draw that
exceeds the breaker’s rating. Again, this should only
be possible when operating outside rated conditions,
like when the amplifier is used to drive a 1 ohm load, or
when an input signal is clipped severely.

4.4 GControls

The front panel enable switch is used to turn the ampili-
fier on and off. If you ever need to make any wiring or
installation changes, don’t forget to disconnect the
power cord first. Please follow these steps when first
turning on your amplifier:

1. Turn down the level of your audio source. For
example, set your mixer’s volume to -0 (off).

2. Turn down the amplifier’s level controls.

3. Turn on the enable switch. The enable indicator be-
side the switch should glow. During the four second
turn-on delay that immediately follows, the indica-
tors will flash as described in Figure 4.2. After the
delay, the ODEP indicators should come on with full
brilliance and the /OC and signal presence indica-
tors should function normally.

4. After the turn-on delay, turn up your source to the
maximum desired level.

5. Turn up the amplifier’s level controls until the maxi-
mum desired sound level is achieved.

6. Turn down the level of your audio source to its
normal range.
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Each of the front panel level controls has 31 detents
for accurately repeatable settings. In Bridge-Mono and
Parallel-Mono modes, the channel 2 level control
should be turned down.

The meter switches are located behind the front
panel. They make it possible to switch between the dy-
namic range and signal level display modes for the
meters, or you can turn the meters off. From the factory,
the meters automatically display dynamic range
(which is computed as the ratio of peak to average out-
put power). To change these switches, you will need to
remove part of the front panel. A phillips screwdriver
will be needed, and it will help to remove the amplifier if
it is mounted in a rack. Follow these steps:

1. Make sure the ampilifier is turned off and its power
cord is disconnected from the AC mains source.

2. Remove the two screws that hold each end cap in
place and remove both end caps (see Figure 3.2).

3. Remove the six screws that hold each handle in
place and remove each handle (see Figure 4.3).

4. Remove the dust filter by gently pulling it away from
the front panel.

5. Remove the two screws that secure the lower half of
the front panel and remove the lower front panel.

6. Locate the meter switches as shown in Figure 4.4.
Set the switches as desired. The left switch is used
to turn the meters on and off, and the right switch is
used to change display modes.

7. Reassemble the front panel, handles and end caps
in reverse order of disassembly.

8. Install the amplifier and reconnect power.

AMPLIFIER TOP VIEW
(FRONT LEFT CORNER—END CAP REMOVED)

= N

MU = = = = - -
M - = = = =

To remove the handle,
pull firmly from the side.

—

Fig. 4.3 Removing a Handle
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OUTPUT LEVEL 4—|—» DYNAMIC RANGE
METER MODE SWITCH

Fig. 4.4 Meter Switches

The input sensitivity switch is located inside the
amplifier's P.I.P. compartment. It is factory-set to a
fixed voltage gain of 26 dB. For standard 1 kHz power
into 8 ohms, this is equivalent to an input sensitivity of
4.0 volts for the Studio Reference /and 2.7 volts for the
Studio Reference //. If needed, it can be switched to a
sensitivity of 0.775 or 1.4 volts. Here is the procedure:

1. Turn off the amplifier and disconnect the power
cord from the receptacle.
2. Remove the P.I.P. module.

3. Locate the access hole for the sensitivity switch
inside the chassis opening (see Figure 4.5).

4. Set the switch to the desired position noted on the
access hole label.

5. Replace the P.I.P. module and restore power.
The ground lift switch located on the back panel can
provide isolation between the phone jack input

grounds and the AC (chassis) ground. It does not af-
fect the P.I.P. module’s input connectors. Slide the

SENSITIVITY SWITCH INSIDE ACCESS HOLE

ve the P.1.P. module to access the sensitiy

This amplifier is equipped with a selectable input sens

BALANCED CH-2 CHA UNBALANCED

INPUT WIRING INPUT WIRING
+ TP + TP
— RING INPUT GROUND LIFT

= GND  SLEEVE [T i m (MONO) = GND  SLEEVE

(AFFECTS PHON INPUTS ONLY.)

GROUND LIFT SWITCH

Fig. 4.5 Input Sensitivity and Ground Lift Switches

switch to the left to isolate or “lift” the grounds.

Note: The noninverted and inverted signal lines for the
P.I.P. module are connected in parallel with the corre-
sponding lines of the phone jack inputs. The input sig-
nal grounds are not paralleled. Specifically, XLR pins 2
and 3 are connected in parallel with the tip and ring of
the corresponding phone jack. However, pin 1 of the
XLR is not connected in parallel with the sleeve of the
phone jack. This makes it possible for a P.I.P. module
to handle its own signal grounds independently.

The ampilifier’s circuit breaker protects the power sup-
plies from overload. The breaker’s reset switch is lo-
cated on the back panel. Facing the back panel, move
the reset switch the left to disconnect power to the
power supplies, or to the right to reconnect power. If
the circuit breaker trips, the front panel enable indica-
tor will turn off. If this occurs, turn off the enable switch,
flip the reset switch to the right (on), and then turn the
enable switch back on. If it trips again or the amplifier
does not operate properly, contact an authorized ser-
vice center or Crown’s Technical Support Group.

4.5 Filter Cleaning

A dust filter is provided on the amplifier’s air intake (see
Figure 2.1). If this filter becomes clogged, the unit will
not cool as efficiently as it should and high heat sink
temperatures may produce lower-than-normal output.

To clean the filter, gently pull it away from the front
panel and wash it with mild dishwashing detergent and
warm water. Be sure the filter is dry before you reinstall
it. Replacement filters may be ordered from the factory.

Dust filters are not 100% efficient—Ilong term this may
require heat sink cleaning by a qualified technician. In-
ternal cleaning information is available from our Tech-
nical Support Group.
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5 Technical Information

5.1 Overview

Studio Reference amplifiers incorporate several new
technological advancements including real-time com-
puter simulation of output transistor stress, low-stress
output stages, an advanced heat sink embodiment
and the Programmable Input Processor (P.I.P.) expan-
sion system.

Custom circuitry is incorporated to limit temperature
and current to safe levels making it highly reliable and
tolerant of faults. Unlike many lesser amplifiers, it can
operate at its voltage and current limits without self-de-
structing.

Studio Reference amplifiers are protected against all
common hazards that plague high-power amplifiers in-
cluding shorted, open or mismatched loads; over-
loaded power supplies, excessive temperature,
chain-destruction phenomena, input overload and
high-frequency blowups. The unit protects loudspeak-
ers from input and output DC, as well as turn-on and
turn-off transients.

Real-time computer simulation is used to create an
analogue of the junction temperature of the output tran-
sistors (hereafter referred to as the output devices).
Current is limited only when the device temperature
becomes excessive—and only by the minimum
amount necessary. This patented approach maximizes
the available output power and eliminates overheat-
ing—the major cause of device failure.

Crown also invented the four-quadrant topology used
in the output stages of each Studio Reference ampli-
fier (see Figure 5.1). This special circuitry is called
the grounded bridge. It makes full use of the power
supply by delivering peak-to-peak voltages to the load
that are twice the voltage seen by the output devices.

As its name suggests, the grounded bridge topology is
referenced to ground. Composite devices are con-
structed to function as gigantic NPN and PNP devices
to handle currents which exceed the limits of available
devices. Each output stage has two composite NPN
and two composite PNP devices.

The devices connected to the load are referred to as
“high-side NPN and PNP” and the devices connected
to ground are referred to as “low-side NPN and PNP.”
Positive current is delivered to the load by increasing
conductance simultaneously in the high-side NPN and
low-side PNP stage, while synchronously decreasing
conductance of the high-side PNP and low-side NPN.
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The two channels may be used together to double the
voltage (Bridge-Mono) or the current (Parallel-Mono)
presented to the load. This feature gives you the flex-
ibility to maximize power available to the load.

A wide bandwidth, multiloop design is used for state-
of-the-art compensation. This produces ideal behavior
and results in ultra-low distortion values.

Aluminum extrusions are used widely for heat sinks in
power amplifiers due to their low cost and reasonable
performance. However, measured on a watts per
pound or watts per volume basis, the extrusion tech-
nology doesn’t perform nearly as well as the heat sink
technology developed for Studio Reference amplifiers.

Our heat sinks are fabricated from custom convoluted
fin stock that provides an extremely high ratio of area to
volume, or area to weight. All power devices are
mounted directly to the heat sinks which are also elec-
trically at the Vcc potential. Electrifying the heat sinks
improves thermal performance by eliminating the insu-
lating interface underneath the power devices. The
chassis itself is even used as part of the thermal circuit
to maximize utilization of the available cooling re-
sources.

5.2 Circuit Theory

Power is provided by low-field toroidal power trans-
former T1. The secondaries of T1 are full-wave rectified
(by D1 through D4, D22 and D24) and filtered by large
computer grade capacitors. A thermal switch embed-
ded in the transformer protects it from overheating.
Monolithic regulators provide a regulated +15 volts.

5.2.1 Stereo Operation

For simplicity, the discussion of Stereo operation will
refer to only one channel. Mono operation will be dis-
cussed later. Please refer to the block diagram in Fig-
ure 5.1 and the schematics included with this manual.

The input signal at the phone jack passes directly into
the balanced gain stage (U104-A). When a P./.P. mod-
ule is used, the input signal first passes through the
P.I.P.’s circuitry and then to the balanced gain stage.

The balanced gain stage (U104-A) causes balanced to
single-ended conversion using a difference amplifier.
From there, gain can be controlled with the front panel
level controls and the input sensitivity switch. The error
amp (U104-C) amplifies the difference between the
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output signal and the input signal from the gain pot,
and drives the voltage-translator stage.

From the error amp, the voltage translator stage chan-
nels the signal to the Last Voltage Amplifiers (LVAS)
depending on the signal polarity. The +LVA (Q104 and
Q105) and the -LVA (Q110 and Q111) drive the fully
complementary output stage with their push-pull effect
through the bias servo Q318.

The bias servo Q318 is thermally coupled to the heat
sink, and sets the quiescent bias current in the output
stage to lower the distortion in the crossover region of
the output signal.

With the voltage swing provided by the LVAs, the sig-
nal then gains current amplification through the triple
Darlington emitter-follower output stage.

The bridge-balanced circuit (U104-D) receives a sig-
nal from the output of the amplifier, and differences it
with the signal at the Vcc supply. The bridge-balanced
circuit then develops a voltage to drive the bridge-bal-
anced output stage. This results in the Vcc supply hav-
ing exactly one half of the output voltage added to its
quiescent voltage. Bias servo Q300 sets the quiescent
current point for the bridge-balanced output stage.

The protection mechanisms that affect the signal path
are implemented to protect the amplifier under real-
world conditions. These conditions are high instanta-
neous current, excessive temperature, and output
device operation outside safe conditions.

Q107 and Q108 act as a conventional current limiter,
sensing current in the output stage. When output cur-
rent at any instant exceeds the design criteria, the limit-
ers remove drive from the LVAs, thus limiting current in
the output stage to a safe level.

To further protect the output stages, the patented
ODERP circuitry is used. It produces an analog output
proportional to the always changing safe operating
area of the output transistors. This output controls the
translator stage previously mentioned, removing any
further drive that may exceed the safe operating area
of the output stage.

Thermal sensor S100 gives the ODEP circuit vital infor-
mation on the operating temperature of the heat sink on
which the output devices are mounted.

Should the amplifier fail in such a way that would cause
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DC across the output leads, the DC/low-frequency pro-
tection circuit senses this on the negative feedback
loop and shuts down the power supply until the DC is
removed.

5.2.2 Bridge-Mono Operation

By setting the back panel stereo/mono switch to
Bridge-Mono, the user can convert the amplifier into a
bridged, single-channel amplifier. With a signal ap-
plied to the channel 1 input jack and the load con-
nected across the two channels’ red (+) 5-way binding
posts, twice the voltage can be output.

The channel 1 output feeds the channel 2 error amp
U204-C. Because there is a net inversion, channel 2
output is out of polarity with channel 1. This produces
twice as much voltage across the load. Each channel’s
protection mechanisms work independently if a fault
occurs.

5.2.3 Parallel-Mono Operation

With the stereo/mono switch set to Parallel-Mono, the
output of channel 2 is paralleled with the output of
channel 1. A suitable jumper capable of handling high
current must be connected across the red (+) 5-way
posts to gain the benefits of this mode of operation.

The signal path for channel 1 is the same as previously
discussed, except channel 1 also drives the output
stage of channel 2. The channel 2 balanced input, error
amp, translators and LVAs are disconnected and no
longer control the channel 2 output stage. Disconnect-
ing the front-end stages from the channel 2 output
causes the channel 2 /OC circuit to note that the input
waveform (which is not present) does not match the
output waveform (which is driven by the channel 1 in-
put signal). This activates the channel 2 /OC indicator
any time the amplifier is switched into Parallel-Mono
mode. The channel 2 output stage and protection
mechanisms are also coupled through S1 and function
as one.

In Parallel-Mono mode, twice the current of one chan-
nel alone can be obtained. Because the channel 2
ODEP circuit is coupled through S1, this gives added
protection if a fault occurs in the channel 2 output
stage. The ODEP circuit of channel 2 will limit the out-
put of both output stages by removing the drive from
the channel 1 translator stages.
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6 Specifications

The following applies to units in Stereo mode with 8 ohm loads
and an input sensitivity of 26 dB gain unless otherwise specified.

Low-Distortion 1 kHz Power: refers to maximum average power
in watts at 1 kHz with 0.02% THD and noise.

Standard 1 kHz Power: refers to maximum average power in
watts at 1 kHz with 0.1% THD and noise.

Full Bandwidth Power: refers to maximum average power in
watts from 20 Hz to 20 kHz with 0.1% THD and noise.

Performance
Frequency Response: +0.1 dB 20 Hz to 20 kHz at 1 watt
(see Figure 6.5).

Phase Response: +5 to —15 degrees from 20 Hz to
20 kHz at 1 watt (see Figure 6.8).

Signal-to-Noise: (A-weighted)
Studio Reference /: Greater than 120 dB below rated
full bandwidth power.
Studio Reference //: Greater than 117 dB below rated
full bandwidth power.

Total Harmonic Distortion (THD): Less than 0.02% at
rated low-distortion 1 kHz power. Less than 0.1% at rated
full bandwidth power.

Intermodulation Distortion (IMD): (60 Hz and 7 kHz 4:1)
Studio Reference /: Less than 0.005% from full band-
width power to 78 watts rising linearly to 0.025% at
78 milliwatts.

Studio Reference //: Less than 0.005% from full band-
width power to 36 watts rising linearly to 0.025% at
36 milliwatts.

Damping Factor: Greater than 20,000 from 10 Hz to
200 Hz, and greater than 2,500 at 1 kHz (see Figure 6.6).

Crosstalk: (At rated full bandwidth power)
Studio Reference /. Better than 100 dB from 20 Hz to
100 Hz falling linearly to better than 70 dB at 20 kHz
(see Figure 6.10).
Studio Reference //: Better than 100 dB from 20 Hz to
100 Hz falling linearly to better than 65 dB at 20 kHz
(see Figure 6.10).

Common Mode Rejection (CMR): (At rated full band-
width power) See Figure 6.9.

Voltage Gain: (With level controls set for maximum output)

At the 26 dB gain setting, 20:1 3% or 26 dB £0.25 dB.
Studio Reference /: At 0.775 volt sensitivity, 103:1
+12% or 40 dB =1 dB; at 1.4 volt sensitivity 57:1 +12%
or35dB +1 dB.
Studio Reference //: At 0.775 volt sensitivity, 69:1
+12% or 37 dB =1 dB; at 1.4 volt sensitivity 38:1 +12%
or32dB +£1 dB.
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Power

Power Bandwidth: (At standard 1 kHz power)
Studio Reference /: —1 dB from 5 Hz to 27.5 kHz and
-3 dB from 3 Hz to 32.8 kHz.

Studio Reference //: —1 dB from 5 Hz to 28.6 kHz and
-3 dB from 2.3 Hz to 34.4 kHz.

Output Power: The following are guaranteed minimums
for low-distortion 1 kHz power from units configured for
120 VAC, 60 Hz power. For more information on power
specifications, see the matrices that follow.

Studio Reference /
Stereo mode (with both channels driven):
1,160 watts into 4 ohms.
780 watts into 8 ohms.

Bridge-Mono mode:
2,220 watts into 8 ohms.
1,580 watts into 16 ohms.

Parallel-Mono mode:
2,315 watts into 2 ohms.
1,565 watts into 4 ohms.

Studio Reference //
Stereo mode (with both channels driven):
555 watts into 4 ohms.
355 watts into 8 ohms.

Bridge-Mono mode:
1,110 watts into 8 ohms.
715 watts into 16 ohms.

Parallel-Mono mode:

1,115 watts into 2 ohms.
710 watts into 4 ohms.

Load Impedance: Safe with all types of loads. Rated for 4
to 8 ohms in Stereo mode, 8 to 16 ohms in Bridge-Mono
mode, and 2 to 4 ohms in Parallel-Mono mode.

Required AC Mains: 50 or 60 Hz; 100, 120, 200, 220 or
240 VAC (=10%). Both units draw 90 watts or less at idle.
See Section 7 for detailed information on AC power draw,
current draw and thermal dissipation.

It is extremely important to have adequate AC power for
the amplifier. Power amplifiers cannot create energy—
they must have the required voltage and current to de-
liver the undistorted rated power you expect.

Controls

Enable: A front panel push button used to turn the ampli-
fier on and off.

Level: A front panel rotary potentiometer for each channel
with 31 detents used to control the output level.

Stereo/Mono: A three-position back panel switch used to
select Stereo, Bridge-Mono and Parallel-Mono mode.
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Sensitivity: A three-position switch inside the P./.P. com-
partment used to select the input sensitivity for both chan-
nels: 0.775 or 1.4 volts for standard 1 kHz power, or a 26
dB voltage gain.

Meter On/Off: A two-position switch behind the front
panel used to turn the front panel meters on or off.

Meter Display Mode: A two-position switch behind the
front panel used to set the display mode for the front
panel meters. Display modes include dynamic range of
the output signal in dB or output levels in dB.

Ground Lift: A two-position back panel switch used to
isolate the input phone jack and AC (chassis) grounds.

Reset: A two-position back panel switch used to reset the
AC mains circuit breaker.

Indicators
Enable: This indicator shows the on/off status of the unit’s
low-voltage power supply.

Signal: Each channel has a signal indicator that flashes
to show audio output.

10C: Each channel has an /OC indicator that flashes if the
output waveform differs from the input waveform by 0.05%
or more. The LEDs act as sensitive distortion indicators to
provide proof of distortion-free performance. In Parallel-
Mono mode the channel 2 /OC light stays on.

ODEP: Each channel has an ODEP indicator that shows
the channel’s reserve energy status. Normally, the LEDs
are brightly lit to show that reserve energy is available. In
the rare event that a channel has no reserve, its indicator
will dim in proportion to ODEP limiting. An ODEP indicator
may also turn off under other more unusual circum-
stances (see Section 4.3).

Dynamic Range/Level Meter: Each channel has a five-
segment meter that displays either the dynamic range of
the output signal in dB or the output level in dB. (From the
factory, the amplifier is set to display dynamic range.) As
dynamic range meters, they show the ratio of the peak to
average power of each channel. As output level meters
they show how high the output levels are relative to stan-
dard 1 kHz power.

Input/Output

Input Connector: Two balanced phone jacks on the
back panel and two balanced three-pin XLR connectors
on the factory-installed P.I.P.-FX (see Section 8 for infor-
mation on optional P./.P. modules).

Input Impedance: Nominally 10 K ohms, balanced.
Nominally 5 K ohms, unbalanced.
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Input Sensitivity: Settings include 0.775 volts or 1.4 volts
for standard 1 kHz power, or a 26 dB voltage gain (see
Section 4.4 for more information).

Output Connectors: Two sets of color-coded 5-way
binding posts for each channel (for connecting banana
plugs, spade lugs or bare wire).

Output Impedance: Less than 10 milliohms in series with
2.5 microhenries.

DC Output Offset: (Shorted input) +2 millivolts.

Output Signal

Stereo: Unbalanced, two-channel.

Bridge-Mono: Balanced, single-channel. Channel 1 con-
trols are active; channel 2 should be turned down.

Parallel-Mono: Unbalanced, single-channel. Channel 1
controls are active; channel 2 is bypassed.

Protection

If unreasonable operating conditions occur, the protec-
tion circuitry limits the drive level to protect the output
stages especially in the case of elevated temperature.
Transformer overheating will result in a temporary shut-
down. Controlled slew-rate voltage amplifiers protect the
unit against RF burnouts. Input overload protection is fur-
nished at the amplifier input to limit current.

Turn On: The four second turn-on delay prevents dan-
gerous turn-on transients. To change the turn-on delay
time, contact Crown’s Technical Support Group.

Construction

Steel chassis with durable black finish, aluminum front
panel with super-gloss Imron® finish, Lexan overlay, and
a specially designed flow-through ventilation system from
front to side panels.

Cooling: Convection cooling with assistance from the
computerized, on-demand proportional cooling fan.

Dimensions: Standard 19 inch (48.3 cm) rack mount width
(EIARS-310-B), 7 inch (17.8 cm) height, 16 inch (40.6 cm)
depth behind mounting surface and 2.75 inch (7 cm) protru-
sion in front of mounting surface.

Approximate Weight: Center of gravity is about 6 inches
(15.2 cm) behind the front mounting surface.
Studio Reference /: 60 pounds, 11 ounces (27.6 kg)
net; 74 pounds, 3 ounces (33.7 kg) shipping weight.
Studio Reference //:56 pounds, 2ounces (25.5kg) net;
69 pounds, 10 ounces (31.6 kg) shipping weight.
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Crown specifications are guaranteed for three years.

In an effort to provide you with as much information as possible about the high power-producing capabilities of your ampilifier,
we have created the following power matrices.

Minimum Guaranteed Power Specifications

Crown’s minimum power specifications represent the absolute smallest amount of output power you can expect from your
amplifier when it is driven to full output under the given conditions. Some spaces in each matrix may be left blank because the
same guarantee is not provided for those conditions—however, your amplifier will perform well under all conditions listed in
each matrix.

When measuring power, 0.1% THD appears to be the industry standard for distortion. Two of the maximum average power
specifications shown in each minimum power matrix are measured at 0.1% THD so you can easily compare Crown specifications
to those of other manufacturers. But this high level of distortion actually allows for some clipping which is undesirable. Because
of this, a maximum average power specification at 0.05% THD is included in each minimum power matrix which represents non-
clipped conditions. Also, power at 0.02% THD is provided in the preceding specifications. Although most manufacturers do not
give power specifications at 0.05% or 0.02% THD, we encourage them to provide these specifications so you will have a more
realistic representation of the way ampilifiers should be used in the real world—without a clipped output signal.

Many manufacturers publish power specs with a tolerance of +1 dB or worse. This means their amplifier can deviate more than
20% in output! A 100 watt amplifier would meet their specification if it only produced 79.4 watts. Other manufacturers qualify
their specs by saying they are “typical,” “subject to manufacturing tolerances, “single channel driven” or that they are specified
with “fuses bypassed’ Each of these statements effectively removes any performance guarantee. In fact, some manufacturers
use these tactics to generate large power numbers, and they don’t even print a disclaimer. We take a different approach at
Crown—our amplifiers are guaranteed to meet or exceed their specifications for three years. Further, because our published

specs are set below our “in-house” mea-

surements, you can expect every Crown

Iu «
’

- — amplifier to exceed its published minimum
Studio Reference | — Minimum Guaranteed Power (Watts) power specs. We believe you should get
m Maximum Average FTC Continuous Average W.he.lt you pay for.
g -g 0.1% THD+N | 0.1% THD+N | 0.05% THD+N 0.1% THD + Noi Minimum Power Notes:
S Stereo/Mono | S (éeﬁ note:) (ée:note;) {Sieonote g) : (gee no;; 4§"se All minimum power specifications are based on
e Mode ] 0.5% regulated AC mains with THD of less than
5 1 kHz 920Hz-20kHz 1 kHz 1 kHz 920Hz-20kHz 1.0% and an ambient room temperature of 70° F
S (21° C). Standard EIA power (RS-490) is not shown
(bothtg;:r?nels 4 1,190 1,075 1,170 here because it is identical to FTC Continuous
2 driven) 8 800 760 790 785 750 Average Power.
3 Bridge-M 8| 2375 2,150 2,335 1. A 1 kHz sine wave is presented to the ampli-
g (be;Ialngcst; ou?[l).llﬂ) fier and the output monitored for nonlinear dis-
z 16 1,595 1,835 1,580 1,575 1,490 tortion. The level is increased until THD
N 2| 2,350 2,320 reaches 0.1%. At this point, average power
Parallel-Mono per channel is reported.
4 1,580 1,565 1,565 . ) -
2. Asine wave is presented to the amplifier over
Stereo 4| 1,09 970 1,075 the range from 20 Hz to 20 kHz and the output
e (botgric\lr]ee:]r;nels 8 750 705 745 750 715 monitored for nonlinear distortion. The level at
= each frequency is increased until THD reaches
:‘_:. Bridge-Mono | 8| 2200 1,985 2,160 0.1%. At this point, average power per chan-
§ (balanced output) 16 1,515 1,440 1,495 1,515 1,440 nel is reported.
§ 9 2185 2175 3. A 1 kHz sine wave is presented to the ampli—
arallel-Mono -
Parallel-M fier and the output monitored for nonlinear dis
4| 1,500 1,480 1,490 tortion. The level is increased until THD
Stereo 4 1,255 1,135 1,255 reaches 0.05%. At this point, average power
| (both channels 5 625 520 o1 520 o per channel is reported.
g CIRED 4. Continuous power in the context of Federal
::_ Bridge-Mono 8 2,505 2,280 2,460 Tradepommiseion teeting is understeod tobe
< | (balanced output) [16 1,660 1,610 1,645 1,660 1,595 a minimum ef fl\{e minutes of operation. Har-
e monic distortion is measured as the RMS sum
N 2| 2,485 2,475 total and given as a percentage of the funda-
Parallel-Mono mental output voltage. This applies for all watt-
4 1,655 1,640 1,640
ages greater than 0.25 watts.

Fig. 6.1 Studio Reference | Minimum Power Matrix
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Studio Reference || — Minimum Guaranteed Power (Watts)
" g Maximum Average FTC Continuous Average
E Stereo/Mono | S | 0.1% THD+N | 0.1% THD+N | 0.05% THD+N 0.1% THD + Noise
2 Mode 3 (Seenote 1) | (Seenote2) | (Seenote3) (See note 4)
o
= 1kHz | 20Hz-20kHz | 1 kHz 1kHz | 20Hz-20kHz
Stereo 4 565 495 560 555 470
(both channels
2 driven) 8 360 340 355 360 340
(=]
:, Bridge-Mono 8| 1,145 1,020 1,130 1,105 960
< | (balanced output) |16 | 720 690 715 720 680
(=]
= 2| 1,135 1,125 1,105
Parallel-Mono
4 715 715 715
Stereo 4 535 460 525 520 440
(both channels
= driven) 8 355 330 340 345 320
(=]
::, Bridge-Mono 8| 1,080 970 1,070 1,045 900
< | (balanced output) 116 | 700 665 695 690 655
[—]
= 2| 1,065 1,055 1,030
Parallel-Mono
4 690 685 675
Stereo 4 595 520 585 580 465
(both channels
2 driven) 8 375 360 370 375 355
(=]
:‘; Bridge-Mono 8 1,205 1,060 1,195 1,145 915
< | (balanced output) 116 | 755 720 750 740 700
o
S 2| 1,190 1,175 1,155
Parallel-Mono
4 755 745 735

Fig. 6.2 Studio Reference !/ Minimum Power Matrix
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Maximum Power Specifications

Crown’s maximum power specifications represent the largest amount of output power you can expect from your ampli-
fier when it is driven to full output under the given conditions. These specifications can be used to prevent loudspeaker
and hearing damage.

The maximum power matrices include specifications for single cycle and 40 millisecond burst sine waves. Burst signals
act like large transient peaks that are present in common source signals. Loudspeakers can respond to a single cycle
burst, so the single cycle burst specifications should be used to help you protect your loudspeakers. In contrast, a
40 millisecond burst represents the typical response time of the human ear. Your ear will not respond to the entire
dynamic change of a burst that lasts less than 40 milliseconds.

The burst power specifications are provided at 0.05% THD which is a practical low distortion condition. Operating the
amplifier at levels higher than 0.05% THD can result in output power levels that are higher than those listed in the

maximum power matrices.
Maximum Power Notes:
All maximum power specifica-

: . tions are based on 0.5% regu-
Studio Reference | — Maximum Power (Watts) lated AC mains with THD of
w“ z Single Cycle Tone Burst 40 Millisecond Tone Burst less than 1.0% and an ambi-
| Stereo/Mono |2 0.06% Distortion + Noise 0.05% Distortion + Noise ent room temperature of 70° £
= Mode = (See note 1) (See note 2) (21° C). A'FhOUQh itis an un-
= s usual condition, your amplifier
- 50 Hz 1 kHz 7 kHz 50 Hz 1 kHz 7 kHz can function well with AC

i O,
Stereo 4| 1435 2,180 2,030 1,295 1,220 1,220 mains voltages up to 10% over

(both channels the specified line voltage. With
= driven) 8 900 1,165 1,120 835 820 830 overvoltage conditions, your
(—] g
© | pudoe-Mono | 8| 2855 4,355 4,080 2,635 2,425 2,400 amplifier may be capable of
o g delivering instantaneous
< | (balanced output) |46 | 1,780 2,345 2,215 1,695 1,635 1,650 power levels up to 20%
8 2| 2,820 4,380 4,075 2,605 2,420 2,395 greater than the specifications

Parallel-Mono in the matrix.

4 1,795 2,340 2,230 1,700 1,620 1,650 ) . )
1. Asingle cycle sine wave is
" Shte;eo | 4 1,380 2,150 2,015 1,260 1,135 1,135 presented to the amplifier

oth channels ; ;
N ( driven) 8 900 1,155 1,100 820 780 790 arjd molnltored for nonlinear
S distortion. The average
:’_; Bridge-Mono 8 2,780 4,285 4,020 2,595 2,260 2,235 power during the burst is
< | (balanced output) |16 | 1,740 2,320 2,195 1,600 1,555 1,570 reported. Loudspeakers
S must be able to withstand
= parallel-Mono 2| 2780 4,325 3,985 2,455 2,250 2,250 this level if they are to be
4| 1,780 2,320 2,190 1,620 1,545 1,575 ﬁafely used with this ampli-
ier.
Stereo 4 1,470 2,220 2,065 1,370 1,290 1,275 - )

(both channels 2. A 40 millisecond sine wave
= driven) 8 930 1,190 1,135 880 850 860 burst (10 percent duty cycle)
2 is presented to the amplifier
o | Bridge-Mono | 8| 2945 4,360 4,090 2695 2,560 2,505 an% monitored for nonfi)near
< | (balanced output) ) )
= ( 16| 1,830 2,360 2,250 1,750 1,685 1,705 distortion. Average power
S 2| 2,970 4,415 4,100 2,715 2,525 2,550 during the burst is reported.

Parallel-Mono This power level is a mea-
4 1810 2,355 2,240 1,745 1,685 1,700 surement of the amplifier’s

maximum transient power
that can be perceived by the

Fig. 6.3 Studio Reference | Maximum Power Matrix human ear.
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Studio Reference Il — Maximum Power (Watts)
o g Single Cycle Tone Burst 40 Millisecond Tone Burst
'5 Stereo/Mono = 0.05% Distortion + Noise 0.05% Distortion + Noise
; Mode g (See note 1) (See note 2)
o
= 50 Hz 1 kHz 7 kHz 50 Hz 1 kHz 7 kHz
Stereo 4 630 875 820 605 580 585
(both channels
= driven) 8 395 480 455 375 370 375
(—)
3 Bridge-Mono 8| 1,345 1,785 1,685 1,245 1,185 1,185
< | (balanced output) |16 | 800 970 935 750 755 770
(=]
= 21 1,330 1,770 1,670 1,205 1,170 1,170
Parallel-Mono
4 790 965 920 755 745 765
Stereo 4 690 905 855 650 610 610
(both channels
= driven) 8 405 495 470 385 385 395
[—]
:‘:_ Bridge-Mono 8| 1,395 1,840 1,750 1,315 1,230 1,240
< | (balanced output) |46 | 830 1,005 965 785 780 800
(=]
S 2| 1,405 1,830 1,730 1,330 1,220 1,220
Parallel-Mono
4 815 995 955 785 770 790
Stereo 4 650 880 830 595 565 565
(both channels
2 driven) 8 365 450 430 345 340 350
(=]
::, Bridge-Mono 8| 1,305 1,775 1,715 1,195 1,130 1,150
< | (balanced output) |16 | 790 965 940 735 735 755
[—)
P 2| 1,295 1,765 1,655 1,185 1,120 1,130
Parallel-Mono
4 785 965 920 750 725 745

Fig. 6.4 Studio Reference // Maximum Power Matrix
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Fig. 6.5 Typical Frequency Response
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Fig. 6.7 Typical Output Impedance
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Fig. 6.8 Typical Phase Response
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Fig. 6.9 Typical Common Mode Rejection
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Fig. 6.10 Typical Crosstalk
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7 AGC Power Draw and
Thermal Dissipation

This section provides detailed information about the
amount of power and current drawn from the AC mains
by Studio Reference amplifiers and the amount of heat
produced under various conditions. The calculations
presented here are intended to provide a very realistic
and reliable depiction of the amplifiers. The following
assumptions were made:

e The amplifier's available channels are loaded, and

full, standard 1 kHz power is being delivered.

Amplifier efficiency at standard 1 kHz power is
estimated to be 65%.

Quiescent power draw is 90 watts (an almost
negligible amount for full-power calculations).

Quiescent thermal dissipation equals 307 btu/hr at
90 watts.

Duty cycle takes into account the typical crest factor
for a particular type of source material.

Duty cycle of pink noise is 50%.

Duty cycle of highly compressed rock ‘n’ roll
midrange is 40%.

Duty cycle of uncompressed rock ‘0’ roll is 30%.
Duty cycle of background music is 20%.
Duty cycle of continuous speech is 10%.

Duty cycle of infrequent paging is 1%.

Studio Reference I & M Professional Studio Amplifiers

Here are the equations used to calculate the data pre-
sented in Figures 7.1 and 7.2:

Total output power with all
channels driven (watts)

Amplifier Efficiency (.65)

x Duty
AC Mains Power Cycle

+ Quiescent Power
Draw (watts)

Draw (90 watts)

The estimated quiescent power draw of 90 watts is a
maximum figure, and assumes the fan is running at
high speed. The following equation converts power
draw in watts to current draw in amperes:

AC Mains Power
Draw (watts)

AC Mains Power
Voltage Factor (.83)

Current Draw  _
(amperes)

The power factor constant of 0.83 is needed to
compensate for the difference in phase between in the
AC mains voltage and current. The following equation
was used to calculate thermal dissipation:

Thermal Total output power with all | Duty , 35 Quiescent Power
Dissipation = channels driven (watts) ~ Cycle + Draw (90 watts) ) ¥ 3.415
(btu/hr) Amplifier Efficiency (.65)

The constant 0.35 is inefficiency (1.00 — 0.65) and the
factor 3.415 converts watts to btu/hr. Thermal dissipa-
tion in btu is divided by the constant 3.968 to get kcal. If
you plan to measure output power under real-world
conditions, the following equation may be helpful:

Thermal Total output power with all , Duty | 35 )
Dissipation = | _channels driven (watts) ~ Cycle +%Urfvic(zf(‘)tx§t"t\’:)r X3.415
(btu/hr) Amplifier Efficiency (.65)

Studio Reference |

LOAD
8 Ohm Stereo / 16 Ohm Bridge-Mono / 4 Ohm Parallel-Mono | 4 Ohm Stereo / 8 Ohm Bridge-Mono / 2 Ohm Parallel-Mono
AC Mains | Gurrent Draw (Amps) | Thermal Dissipation | ACMains | Gurrent Draw (Amps) | Thermal Dissipation
Duty Power Power
Cycle Draw Draw
(Watts) 100-120 V | 220-240 V| btu/hr | kcal/hr (Watts) 100-120 V | 220-240 V| btu/hr | kcal/hr
50% 1325 15.9 7.2 1,780 450 1,925 231 10.5 2,500 630
40% 1075 12.9 5.9 1,485 375 1,555 18.7 8.5 2,060 520
30% 830 10.0 4.5 1,190 300 1,190 14.3 6.5 1,620 410
20% 585 7.0 3.2 900 230 825 9.9 4.5 1,185 300
10% 340 41 1.8 605 155 460 5.5 2.5 745 190

Fig. 7.1 Studio Reference | Power Draw, Current Draw and
Thermal Dissipation at Various Duty Cycles
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Studio Reference Il
LOAD
8 Ohm Stereo / 16 Ohm Bridge-Mono / 4 Ohm Parallel-Mono | 4 Ohm Stereo / 8 Ohm Bridge-Mono / 2 Ohm Parallel-Mono

AC Mains | Gurrent Draw (Amps) | Thermal Dissipation | AC Mains | Gurrent Draw (Amps) | Thermal Dissipation

Duty Power Power
Cycle Draw Draw
(Watts) 100-120 V | 220-240 V| btu/hr | kcal/hr (Watts) 100-120 V | 220-240 V| btu/hr | kcal/hr

50% 645 7.8 3.5 970 245 975 1.7 5.3 1,360 345
40% 535 6.4 2.9 840 215 795 9.6 4.4 1,150 290
30% 425 5.1 2.3 705 180 620 7.5 3.4 940 240
20% 315 3.8 1.7 575 145 445 5.3 2.4 730 185
10% 205 24 1.1 440 115 270 3.2 1.5 520 135

Fig. 7.2 Studio Reference // Power Draw, Current Draw and
Thermal Dissipation at Various Duty Cycles
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8 Accessories
8.1 P.I.P. Modules

One advantage of Studio Reference amplifiers is the
ability to customize them using PI.P. (Programmable In-
put Processor) modules. Each amplifier is equipped with
an edge card connector inside the back panel PI.P
compartment. The modules install easily:

ACK PANEL
©_ oF AMPLIFIER

Fig. 8.1 Installing a P.I.P. Module

WARNING: Disconnect power to the amplifier when in-
stalling or removing a P/.P. module.

Here are some of the available P/.P modules:

Programmable ouTPUT

Input Processor (P.L.P)

P.1.P.-AMCDb unites many features of the P.I.P.-XOV and
P.I.P-CLP. It offers a variable 4th-order Linkwitz-Riley
crossover and an /OC-driven, variable threshold com-
pressor. In addition, it provides “constant-directivity” horn
equalization and filter-assisted B, vented box equaliza-
tion. Biamping and triamping capabilities are provided
via XLR connectors.

O

Programmable
Input Processor (P.LP)

P.I.P.-EDCb combines a sophisticated error-driven com-
pressor and smooth limiter with a subsonic filter for each
channel. The compressors have adjustable attack and
release times, and can be set to track each other. The
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compressors activate when a signal will clip the input,
an /OCerror occurs, or the output exceeds the selected
threshold. The subsonic filters have corner frequencies
of 24, 28, 32 and 36 Hz.

CH-2 INPUT

+ = + b —
© N K ©
] LY L ]

CH-1 INPUT

Programmable
Input Processor (P.1P)

P.I.P.-FTE includes all P.I.P-FXT features, and adds
12 dB/octave RFlfilters, variable 18 dB/octave high-pass
filters, and 6 dB/octave 3 kHz shelving networks for “con-
stant-directivity” horn equalization. Screw terminal plugs
are provided for input.

IQ-P.I.P.-AP integrates the amplifier into Crown’s pat-
ented IQ System® The IQ Systern provides centralized
computer control of 1 to 2,000 amplifiers. Each ampli-
fier channel can be monitored and controlled from an
inexpensive personal computer. Any combination of mic-
and line-level signals can also be mixed and routed with
optional MPX-6" SMX-6™ and AMB-5™ mixer/multiplex-
ers, and the MRX series matrixers.

IQ-P.I.P.-AP Smart Amp™ offers the monitoring and
control features of the IQ-P.I.P.-AP plus the ability to
function as a stand-alone unit as part of the /Q
System’s distributed intelligence!” Features include a
smooth output limiter for transparent loudspeaker pro-
tection, power supply gates for energy savings, ODEP
conservation which protects the output devices with
precision input signal control, interrupt-driven report-
ing that lets you define error conditions, and config-
urable short detection.

Programmable INPUT GND
Input Processor (PLP) =

P.I.LP.-CLP is designed to detect and prevent overload.
Its compressor is driven by the amplifier’s built-in /OC
error detection circuitry. Unlike typical signal-driven com-
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pressors, it only compresses the signal to prevent over-
load. It can deliver up to 13 dB of additional headroom
without being noticeable.

CH-1 INPUT
+ =

=) IS0 ch-zivpur
+ b —

—WARNING—

THIS P..P. PROVIDES FULL ISOLATION
FOR 1S0-MODIFIED AMPLIFIERS ONLY!
DO NOT CONNECT THE OUTPUT GROUND
LUG TO THE INPUT COMMON OR CHASSIS
GROUND. REFER T0 P.I.P-1SO OWNER'S
MANUAL FOR FURTHER INFORMATION.

Programmable
Input Processor (P.1P)

P.I.P.-ISO is designed especially for 25 to 140 volt dis-
tributed systems where UL®-listed isolation is required.
Installation requires minor amplifier modifications. With
the P.1.P-ISO installed, the amplifier outputs are safely
isolated from the input terminals and the chassis.

-ATN —cn 2 INPUT

ATTENUATION
2161

CH-1 INPUT
ATTENUATION + b =

Programmable
Input Processor (P1P)

P.I.P.-ATN includes all P1.P-FTE features, plus a 32-step
precision attenuator for each channel.

=) ' y e

— RING

- 0 5

@)

OUTPUTS INPUTS

Programmable
Input Processor (PLP)

P.1.P.-XQV is a versatile 18 dB/octave mono crossover/
filter with biamping and triamping capabilities.

P.I.P.-FMX facilitates “daisy-chaining” balanced ampli-
fier inputs. Female to male three-pin XLR connectors
are used to passively bridge the inputs.

P.I.P.-FXQ makes it easy to connect audio sources that
have phono (RCA) connectors. Itincludes two balanced
three-pin female XLR connectors, and two female phono
jacks for quasi-balanced or unbalanced operation.

O

Programmable
Input Pracessor (P.LP)

P.I.P.-FXT uses balanced 1:1 transformers to isolate the
amplifier from the input signal. It has balanced female
three-pin XLR connectors.

®crown

— L+ — L+

LI+ — L+
LEVEL REMOTE (pyp  MIC LINE
CH-1 INPUTS —

LINE Mmic
—CH-2 INPUTS

Programmable
Input Processor (P.LP)

P.I.P.-PA adds a switchable balanced low-impedance
mic input, a balanced line-level input and a compressor
to each channel. Remote switching circuitry provides
quick and quiet fades from mic to line and back.

P.1.P.-102 is a two-channel module providing equaliza-
tion based on the BOSE® 102 controller. Screw terminal
plugs provide balanced connections. Each input chan-
nel has an output from the P/.P that can be indepen-
dently configured for output with no processing, 102
equalization or 102 equalization with bass-cut.

Programmable
Input Processor

P.I.P.-RPA adds the features of a 4x2 mixer to your am-
plifier. Its four inputs accept mic- or line-level input. It
offers priority switching (“voice-over”) of each input and
remote level control with the RPA-RMT. Other features
include bus inputs and outputs, adjustable input sensi-
tivity, phantom power and RFI suppression. Input isola-
tion transformers are optional.

For more information on these P/.P.s or other PI.P.sun-
der development, contact your local dealer or Crown’s
Technical Support Group.
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9 Service

This unit has very sophisticated circuitry which should
only be serviced by a fully trained technician. This is
one reason why each unit bears the following label:

CAUTION: To prevent electric shock, do not remove
covers. No user serviceable parts inside. Refer servic-
ing to a qualified technician.

9.1 Worldwide Service

Service may be obtained from an authorized service
center. (Contact your local Crown/Amcron representa-
tive or our office for a list of authorized service centers.)
To obtain service, simply present the bill of sale as
proof of purchase along with the defective unit to an
authorized service center. They will handle the neces-
sary paperwork and repair.

Remember to transport your unit in the original factory
pack. We will pay the surface shipping costs both
ways for warranty service to the authorized service
center nearest you after receiving copies of all ship-
ping receipts. You must bear the expense of all taxes,
duties, and customs fees when transporting the unit.

9.2 North American Service

Service may be obtained in one of two ways: from an
authorized service center or from the factory. You may
choose either. Itis important that you have your copy of
the bill of sale as your proof of purchase.

9.2.1 Service at a North American Service Center

This method usually saves the most time and effort.
Simply present your bill of sale along with the defective
unit to an authorized service center to obtain service.
They will handle the necessary paperwork and repair.
Remember to transport the unit in the original factory
pack. A list of authorized service centers in your area
can be obtained from our Technical Support Group.

Studio Reference I & M Professional Studio Amplifiers

9.2.2 Factory Service

To obtain factory service, fill out the service information
page that follows and send it along with your proof of
purchase and the defective unit to the Crown factory.
For warranty service, we will pay for ground shipping
both ways in the United States after receiving copies of
the shipping receipts. Shipments should be sent “UPS
ground.” (If the unit is under warranty, you may send it
C.O.D. for the cost of freight via UPS ground.) The fac-
tory will return it via UPS ground. Please contact us if
other arrangements are required.

Always use the
original factory pack
to transport the unit.

Factory Service Shipping Instructions:

1. When sending a Crown product to the factory for
service, be sure to fill out the service information
form that follows and enclose it inside your unit's
shipping pack. Do not send the service information
form separately.

2. To ensure the safe transportation of your unit to the
factory, ship it in an original factory packing con-
tainer. If you don’t have one, call or write Crown’s
Parts Department. With the exception of polyure-
thane or wooden crates, any other packing material
will not be sufficient to withstand the stress of ship-
ping. Do not use loose, small size packing materi-
als.

3. Do not ship the unit in any kind of cabinet (wood or
metal). Ignoring this warning may result in extensive
damage to the unit and the cabinet. Accessories
are not needed—do not send the instruction
manual, cables and other hardware.

If you have any questions, please call or write the
Crown Technical Support Group.

Crown Audio Division
Tech. Support / Factory Service
57620 C.R. 105
Elkhart, Indiana 46517 U.S.A.

Phone: 1-219-294-8200
U.S.: 1-800-342-6939
Fax: 1-219-294-8301
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Detach and send with unit.

Crown Factory Service Information

Shipping Address: Crown International, Inc., Factory Service, 57620 C.R. 105, Elkhart, Indiana 46517
Phone: 1-800-342-6939 or 1-219-294-8200 Fax: 1-219-294-8301

Owner’s Name:

Shipping Address:

Phone Number:

Model: Serial Number: Purchase Date:

NATURE OF PROBLEM

(Be sure to describe the conditions that existed when the problem occurred and what attempts were made to correct it.)

Other equipment in your system:

If warranty has expired, payment will be: B Cash/Check HEVISA MW MasterCard H C.O.D.

Card Number: Exp. Date:
Signature:

ENCLOSE THIS PORTION WITH THE UNIT. DO NOT MAIL SEPARATELY.
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P50@-6 21.885¢ | T 18, ROT 4 £ '3 R189 6. CHANNEL 2 PRE-DRIVER BASES LOOP THROUGH STEREO-MONO SWITCH S4,
B USED O - O ci62 125-128,142, 158 r! 3.3K SECTIONS E AND F.
+15V +15V / = 7. CHANNEL 1 SHOWN. FOR CHANNEL 2 ADD 18@ TO REFERENCE DESIGNATORS.
_ 20 - C31e 320,314 (EXAMPLE : CHANNEL 1 R1@21 WOULD BE CHANNEL 2 R2@1. )
lgea-7 J5ee-8 ';‘12817; i C1;; <UZ4Y EMITTER > R17 CONNECTOR AND IC PIN NUMBERS FOR CHANNEL 2 ARE SHOWN IN
R170 R171 ' ?éav D135 182-187.116-118 75K -18v PARENTHESIS WHEN THEY DIFFER FROM CHANNEL 1.
1K 953 1% EXCEPTIONS ARE CHAN 1 15@@ CORRESPONDS TO CHAN 2 J78@. AND
1% 1% D312 390.389-312 . CHAN 1 J65@@ CORRESPONDS TO CHAN 2 J8@20.
£135 13V 548 S4E 18V 0—¢ E:Aggg
8158 TP1-1m 7 @.822 E101 eV 7 8. +VCC,-VCC = 78V NO LOAD
: 11 0120 ’% 5 20 1 |
254135 2N4125 H <UT@Z EMITTER <Ui¥5 COLLECTOR L382 R18 DC/LF PROTECT 6 9. MODULE DOCUMENTS AND P.C. BOARDS FOR THIS SCHEMATIC
R131 Qies 43K ARE AS FOLLOWS:
13K Ntez 'ee MAIN Q43371-6 AND DBB25-8 OR DB8S28-7
_ 8 19 R114 R184 Rt L MAIN ..... - - -
RSDS AS16 D123 AN <0293 TOLLECTOR 704 PTC301 3ne 1.5K 470K 2.7M OUTPUT 043369-2 AND P12423-5
5 1N3870 7 NOT 18 12y AO1 J2-1 (18) i .
518K 702 ——O USED —10 Q136 {AD2) AN
O+VCE1 NOT 8 17 ‘L cC119
R115 N R130 USED O Q319 B.47
+15V RS54 |1R1 gz 518K 12-6 (7)/ FIP ODEP 180K T <0205 COLTCECTOR * UNUSED ELEMENTS .
510K ' N\ <UZUZ EMITTER R199 R178 _l
c Faea u182c =
R133 Te. - o LM3389
?;3& 27eK 1/' = 1121; RS538 8 e TE1-3
\ Ii - 4 S4F >
+0ODEP l S4C u1e4 9 R19
T TCOITECTOR— 24 OFF BOARD 2.7
2.58W
J11-5 P11-5
2US1C8333 81 COMMON £ AAN
v 23 /ﬂ7 DWN KLW 93-87-95 1718 W. MISHAWAKA RD.
zes LAST USED OBSOLETED AMP IDENTIFYING RESISTOR n' crown EONTRAaiana
o TN 22 CHK TLB | ®@6/@5/85 PHONE (219254 -8000
18.5K 1% c7 3,5,6 R11 {(R12) NT c
CCATFE > 12) 21} o N 1pr-o INTERNATIONAL , INC. WWW. CROWNINTL . COM
~VCCH1 c7 <0276 CTOLLECTOR > D7 / DISTRIBUTION CM
T e i R1 5.6.9.11-16 TITLE
I s 2.3.5.6.8, = G PE RS 865/85/35
= TP1-4
=T = v fecsessas CH, REF1 MAIN/OUTPUT
= - S /0U
- ’
UNCONTROLLED J8E74-2-B.5CM
UNLESS OTHERWISE MARKED IN RED INK BY CM AS A
CONTROLLED COPY, COPIES OF THESE DOCUMENTS TOLERANCE UNLESS
INCLUDING ASSOCIATED ELECTRONIC REPRODUCTIONS |QTHERWISE SPECIFIED
ARE FOR REFERENCE ONLY. o0 - + 62" SIZE |DWE ND. REV
THESE DRAWINGS AND SPECIFICATIONS ARE THE 098 - . @a1@" _
PROPERTY OF CROWN INTERNATIONAL, INC. AND DRILLS - + @@3" D Jue74 -2 B
SHALL NOT BE REPRODUCED. COFIED. OR USED
AS THE BASIS FOR THE MANUFACTURE OR SALE
OF APPARATUS DR DEVICES WITHOUT PERMISSION. DO NOT SCALE DRAWING SCALE  NONE PROJ NO. MD33250@ SHEET 1 OF 2
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BALANCED TO UNBALANCED INPUT STAGE

GAIN STAGE

€238 FRONT PANEL
RE10 47PF
P1-4 4.98K 5K LIN
FROM | CH2- é—_ 1% P21-3 \ | \J2e1-3  LEVEL  yop9-4 | P201-1 J2-11 LAST VOLTAGE AMP
PIP . ¢ —>
CARD  P1-5 RE29 s R27E R216 CUTPUT BOARD
thHz+ < 4.83K P2@1-4 18.7K 3. 3Mm
1% ; NC 12012 +VCE2 PRE-DRIVER HIGH-SIDE NPN DRIVER AND OUTPUT L OW-SIDE NPN DRIVER AND OUTRUT +VCC2 DRIVER
— SHIELD J7@@-7 , | ,P708-7 ow-sI ouTPU P788-7 \ | \J70@-7 T PRE-DRIVE
O ’-\'\,4 J7BB-1B\ \pma—m l ke +15V  R246
V O / D238 | (543 R2089 / < 5811'5 54:5 T Cc220 _L_T 111../8K D227
Ao R200 P2@1-2 T 470FF C404 Q4@1 —e. @1 g 155143
> uza4d 212 NOT Azas B USED 2.0047 25C4029 [ 250V . . ANAA
1200 1 USED ’ o — RE17 " » R247 Q215 218
g 91 L | MPsBRS7 Q221 R283
CH 2 INPUT N 0417 Il ha R432  R433 2 = . N 2N4123 Q 47k
4 J\/\rj_ -18vV R275 6R§ZK A C244 I a 25C4793 USED USED Q412 P700-8 \\ \J7@B-B C261
RE11 - 2.67K P 2! 108 | Q205 L4@1 R40O1 25C40828 J_
RB12 RE13 — J2-13 1% 1% 1% R424 71/ 33FPF
4.99K 200 4.93 ! BGS1 ) sV | — MPSWS2 13K 478UH 100
% C.-M RE A = uze4C R615 MPEWS2 AN Q402 | Q403 ases i N PTERTL N | Areee Cz259 TooPF e
y s b = AANAN b _
S7A] R217 t 33879 .8 R40D v Q483 |Q41@ [0411 7/ NOT USED c1 [
47K GAIN cae8 68 H D485 N P4@D-2 | L OW-S I DE L
RE14 c259 <5327 UZ¥5 COCLECTOR > I 180PF / F MRB22 D407 i . * V4 _% TP2-86 =
P4BO-4
24 @.81 —— GROUND = Q D229 SEE NOTE 6 = 2 < R482 MRB22 Re2) P400 -1 D224
5W 100V LIFT -1V J788-9 P700-9 5.6 2 S ow N K
K N < i 2.50wW . V4
P4R-3 2- J708-4
! 200 = J780-2 , P78@-2 N D415 REAR PANEL R443 22 Pree-4 N 1 N
L 100 Lt 15y <FPNPNZ < | & R437 22 A Nipos OUTPUT oSS VN 4
= T | B- J788-11
3sv Q R281 - - P70B-11 N _ =
VOLTAGE TRANSLATOR STAGE 4.87K i7ee-3 < Frea-3 ma,ev\iz BLA;K Ra5 1 %2 Ve Ve = D225
1% NP I
R201 R206 —<4dZe¥_BASE > j R219 +VCC2 R429 P ° L e PBBB-11 \ JBeea-11 PR )
1.02K 11.8K 1.21K = > | )
HIGH-SIDE ERROR AMP 1% J2-9 1% FUZW COLLECTOR > C2439 1% J R435 R436 R297
CUZBT EMITTER S 2 AN 18K
ES2 @. 001 T i‘?gz D4@1 R483 ¢ R4D4 ¢ R4BS cant R416 8.58W 2.58wW 3?395 0+15V
° —— N l R425 TN4204 9.2 2.2 8.2 o B47 a.2
0208 xl aze8 R220 2.2k _| cae7 EW 5W sW L4aa - EW
R287 N 2861 2N4123 402 RE25 2.001 2.5UH _H_‘
TP2-1 68K D212 ; YO
R2@4 1% 11K V' 0418 D402 2
N 155143 R255 N2D2
P 2. 67K C285 ; 1% e TIP47 TN4224 RE43 2 Rass 47K
R213 H 27 R427 5iet N L a0 2.2
U2248 4,87 | coup Rzt azer | 0287, Sea’ T 29 R411 A "901 c229 33K 2 33K é
33078 1% 1o2PF MPSW32 R218 azz24 < R621 D403 5.6 = 47PF
2 Q207 482 pN4zsa S 11K TN4224 5W L‘
+ )
\7 pe o PN4250 1% 1 Q400 3
AN 6 R406 O R4B7 Q R408 A R41 TIP47 +
Dzes | D22z A254 / _L C241 N A R426 {o é 8.2 é @.2 0.2 R431 é 2 2El 2 g C411 S
C206 494 - o
28K 12PF 27PF R262 R622 Wil 1N13maa4 EW 5W 5W 5 B 5W .0 R445
, 47 478K ! W 75@
| g T T2t B1AS s R2573 P.64K 2.B5K
— = R20@5 1.21K BIAS o
) ” 2?;}37" R21@ D215 1% vEr2 R440 22 R452 22 423
‘ K D213 - o
&3 o8 0283 a4 Raa1” %2 R453° 22 250 vCce2
A203 .1 2N4125 | !
28.5K ca2e C246 J88B-4 \ | \ PB@@-4 ANA L ow
1w 47PF 47PF T23R 155143 FPPNPZ e Raaz 22 D416 _/v\/\_,R454 p l gi?g C231
’ . , ANAS— 1
1* I y |—\/\/\,—« <UZ@Z EMITTER > cees L < Jgge-2 \ | N\ pege-2 A Nipos ) RE@2 12PF
R211 27PF T N 7| & f ‘ PBOD-3 Jsae-3 208 ¢
R2082 2 AL 1808-9 PBRB-9 R423 'S D4@6 et R422 NN cz23e L
510 g L <0703 BASE > D218 22 Q486 | Q407 Q4@8 MR822 Q413 |0Q414 |0415 22 ard 12PF =
Q212 0213 . cz18 | ‘ OZT¢ COCLECTOR > R413 . by
2N4125 2N4125 27PF T D211 68 I\ <H P c251 _L c268
= -18v NOT — NV e.01
= R280 C247 NoT S b AA— Lep — 1BBPF
478 NOT | Qz1e R428 2 R410 < * - Pee@-8 \ | \ JB@2-8 [—]
USED MPSW42 1514 c409 13K 478UH 180 P >\ ) D220
22@PF ~y
1 L MPS W4 2 L Q419 Rote < Rat’ Q416 R249
= = D232 RE1B | = 25A1837 _H_< Noen < Deen 25A1553 PEBE-1 (| | J8ee-i S
R238 91 cos 0405 N/C > | ) N/C  B.58W
'2293 cz48 < Rz40 2.a1 25A1553 )\ )\ 95135 D226
2.58W 47@PF Jjsee-5 , | ,pP8ee-s c412 @.1 155143
D233 < NoT
Jeee-1@ , | ,Paee-1@ I PBRE-5 \ |\ J8@8-5 T
. + < )
PRE-DRIVER €413  LIGHM-SIDE PNP DRIVER AND OUTPUT LOW-SIDE PNP DRIVER AND OQUTPUT d PRE-DRIVER
€236 v 0.47 v +16V o > .
ODEP 47BPF HIGH FREQUENCY FEEDBACK J7es-12 , | ,P7@B8-12 i
N 1
R224 LOW FREQUENCY FEEDBACK PE-1 N J6-1 P8eB-12 Q233
6. 8K /|7 NV 2N4125
Q232
e15Yy *veL2 R225 2N4125
S 190 1800-12 TURN ON DELAY +15V
€256 R223 FAULT CIRCUIT AND
8.1 2eK +VCC2 +15V +15V  FAULT OUTPUT
8.50w R254
>—“—_|_ PIP INTERCONNECT BOARD MAIN BOARD 56
= q R226 C254 <FPNPRZ R287 R288 15V 0 TP3
R222 3 l4 E ee @27 2.1 +15V  +15v 22 RIN EDGE 5 PIN WIRE CABLE OR CONNECTOR P isea(J7em) 3.3k 3.3k o
a2 270K . 4 6. BK 250V LOW SIDE _BIAS ! TP2-8 2N4125 U281
2 AANA CH1+ 1 BLACK WIRE  CHi+ BLACK WIRE 1 CH1+ + FAULT SENSE 2 He9L, E200 E201
180K CH1 - 2 RED WIRE CH1-  RED WIRE 2 CH1- CURRENT LIMIT SENSE 3 R243 1= = — RED i RED R290 0234
-ODEP l c255 v&e2 GND 3 BARE WIRE BARE WIRE 3 GND +NPN SENSE 4 Q 470 h 4 2M oN4123
2.1 uzoa z B CH2+ 4 GREEN WIRE GREEN WIRE ¢ 4 CH2- -ODEP 5 N N D290 RE32
25A1349 CHZ- 5 WHITE WIRE WHITE WIRE 5 CHZz+ +ODEP & N R245 _| T or
'_——H__I_ R256 R228 GND 6 —4 +vCC 7 b\ 470 7 F oK
1 13K 13K 24V 7 (500) CH1 + LS DRIVE 8 N\ - <CHZ FB__ > R244 :
= A BGS2 8 16 PIN DIF (780) CH2 + LS DRIVE 470 -15V
C234 0226 GND 9 CONNECTOR 412 Va9 N Dzet R293
8y 0.822 ¢ 2N4125 Y 1@ NPN SENSE 13 N K "
A -
ggé: gz18 I AOT 12 ODD COLOR WIRE ODD COLGR WIRE {58@) CH1 HI FREQ FEEDBACK 2 N TP2-7 é_— 2N4123 V% J2-5
Rzs52 2 , 1 ES1 13 l AD2 — 186 ~ AQ2Z — 16 (788) CH2 HI FREQ FEEDBACK Rz60 AAN
11.8 % TP2-5 Nz@1 v GND 14 1 AC1 1 AO1 56 RE@6 RS2 N\
1x A RS 1 15 +24V 15 Y. +24V 15 <FPPNPZ AN 1.5K
1267 R268 RS2 16 2 ES1 Y, 2 ES1 J6eB(J8ee) N TP2-9
: 253 ODEP1 17 GND — 14 N/ GND — 14 7
% 12 N2B1A 1 c212 ODEP2 18 3 GND Y, 3 GND OPEN 1 R263
1800-5 1708-5 12.7¢ - 8.27 BGS1 19 [ BGS2 — 13 Q BGS2 — 13 - FAULT SENSE 2 N 56 |, E218
12y 1%y > 108V +VCC2 20 4 RS1 ) 4 RS1 -PNP SENSE 3 § T~ 2.2
N +VCC1 21 -24V —12 N\% -24V —12 - CURRENT SENSE 4 N\ 58v L D228
C213 ES2 22 5 RS2 3 5 RS2 -VCC & R264 = P11-4
N281B NPT +VCC2 — 11 +VEC2 — 11 -PTC 6 N 470 -18y N .
N 20N 21.85k | S 18 6 — ODEP1 N/ 6 — ODEP1 +PTC 7 N 204125 4
PEEB-6 P700-5 3 +VEC1 — 10 §/ +VCC1 —18 (6@@) CH1 - LS DRIVE 8 §
7—01@%;2 5 N\ % 7_02?;’2 s (B@®) CH2 - LS DHIK’\E/A 3 CHANNEL 2
: Nzetlc N 11:554 8 — BGS1 N 8 — BGS1 -vCC 18 N LAST USED OBSOLETED FRONT PANEL
3 22. 2K Tr 35v N +PNP SENSE 1 N e c2e8 N
PTC4@1 R430 . HI SIDE FAULT SENSE 12 J ~T~ lee C252 525-220 242 250 o=
100 C 102 5200 35V e g—ﬂ—o\C OFF
2| | |Lm334 NZB1D C215 = P11 €416 408,414,415
hzelD N azse )| -15v POWER
s | Y DISPLAY BOARD CONTROL BOARD 1 +24V 6 9229 __ ZN4125 D235 202-207.216-218 SWITCH
2 GND N
PERG-7 c216 3 Z24v 1 CHt LOW FREQ FB R2B9 D412 400, 409-412
N201E NP J3 J5 4  ENABLE 2 GND 3.3k E2p1
A4 Np700-6 21.65K T Loy 5 GND 3 CH2 LOW FREQ FB
6 ODD COLOR WIRE ODD COLOR WIRE L4002
+15v +15V Y
1 AD2 AO2 — 18 _
Jepe-7 J70@-6 N2D1F 1 ec217 AO1 2 1 AD1 5 18v N2@2 200
R270 R271 127K T Jeav 3 Zay 4 > 2dV —1s /] OUTPUT BOARD u2e2C PTC421 400 UNUSED ELEMENT
1K 953 GND —1a 7 TP1
1% 17 5 GND g LM339 0536
: % c23s 15V GND 6 3 GND J500(J700) +10V 14 U228
R258 5 0.022 5 7 — BGS2 BGS2 — 13 / 1 ESt A 18y DC/LF PROTECT 0419 LM333
S Qz2e ( RSt 8 4 RS1 7 2 AP ID RES LOW SIDE BIAS ! /] 5
azi3 : 4% TPz-10 9 — -24V -24V —12 2 OPEN + FAULT SENSE 2 A9 A278 .
2N4125 2N4125 I RS2 — 10 5 RS2 = CURRENT LIMIT SENSE 3 / TP2-3
R231 y~ 928 11 — +VCC2 +VEC2 — 11 dooisy +NPN SENSE 4 / R214 R284 z
13K la 2861 - /] S ~O0DEP > A 1.5K 470K R454
ODEP1 —12 6 — ODEP e LOREL DE BIAs ODEP 5 /] \J2-16
D229 L oA 13 — +VCCi1 +VCC1 —10 > Ol senet +0ODEP B /] o R . A638
RG0S RE16 1N3272 ODEP2 —14 7 — ODEP2 /) 8 + FAULT SENSE +VCC 7 / | |
518K ™ 16 — ES2 ES2 9 9 mst (5@@) CH1 + LS DRIVE 8 C c2e7 U204
<>| 0+VCC2 BGS1 — 16 8 — BGST 18 +ODEP (788) CHZ + LS DRIVE @. .33
R215 } ;HZBB §F¥242 +LVA 8 6
R257 518K J2-7 1eBk § 158K +VCC 18 L L
*15V RE604 1. 3K AAN—d . PIP ODEP -NPN SENSE 11 /] RL3s = =
510K _]_ (58@) CH1 HI FREQ FEEDBACK 2
. C232 (70@) CH2 HI FREQ FEEDBACK <CAZFE >—AAN
;332 / 8 S?SE 10'81 _1%V _1%\/ sz
Toae 1 \l ? = J600(J800) 1N40D4
+ODEP 1 Es2 OPEN 1
l IR R237 T 2 AMP ID RES - FAULT SENSE 2 /]
| ) 0O 3 OPEN -PNP SENSE 3 D235
4 -15V MPSA43 x 1N4BB4
U223 e lopep - CURRENT SENSE 4 /]
-18v 2SC3381} Ro3y 6 LOW SIDE BIAS atE 2 A
20K = 7 - FAULT SENSE PTE 5 A
@.5aw Rz35  R238 5 mgpiHLT SENSE (sag) CH1 - LS DRIVE 8 / 1
100 : (B@@) CH2 - LS DRIVE oy
v&e 18 +0ODEP ZLVA g / [::803K9
bt PNP SENGE 19 / Q236
470PF +
HI SIDE FAULT SENSE 12 / MPSA33
—i CONNECTOR CHART
SIZE |DWG NO. REV
UNCONTROLLED THESE DRAWINGS AND SPECIFICATIONS ARE THE
UNLESS OTHERWISE MARKED IN RED INK BY CM AS A | PRAOPERTY OF CROWN INTERNATIONAL, INC. AND D Jve/74 -2 B
CONTROLLED COPY, COPIES OF THESE DOCUMENTS SHALL NOT BE REPRODUCED, COPIED. OR USED
INCLUDING ASSOCIATED ELECTRONIC REPRODUCTIONS | AS THE BASIS FOR THE MANUFACTURE OR SALE
OF APPARATUS OR DEVICES WITHOUT PERMISSION. SCALE NONE MD332S8 SHEET

ARE FOR REFERENCE ONLY.
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E.C.N. | ZONE | REV DESCRIPTION DATE BY e The TeeT1Pe
c TO U c ci38
BALANCED TO UNBALANCED INPUT STAGE 502 95-227 (A) | CORRECT NOTE S ABOUT MAIN BOARD 08/30/95| LCD Jw | Rs
GAIN STAGE EATH AEVISED NOTE_ 8 MODULE AND BOARD Q
as10 nslo|s 96-164 REVISION LEVELS. 05/01/96| TLM ’ﬁ%
4.99K 4.99K FRQNT _PANEL
P1-2 (4 gk o e TR AR
FROM | CH1— (4) 1X 1x a 1 J2-10 (11)
faicl on S 1 5K LIN I LAST VOLTAGE AMP
- - ! LEVEL !
CARD | ., LPi-1 (5) +agv G103 P101 3> : >~J101—3 uaoa-1< | L P103-1 R116 e L QUTPRPUT BOARD . o -
I > I 3.3M
e noTe 7 | U204a | | R176 +vVee1 : PRE-DRIVER HIGH-SIDE NPN DRIVER AND OUTPUT +veel | +vCCca
, 33078 |, I‘j_: Pr0s-ay | 118K JS00-7 /|, psoo-y T LOW-SIDE NPN DRIVER AND OUTPUT PB00-7 \_ | \J500-7 PRE-DRIVER
= > | | - | . - - )| . | d . -
::g;3§ = SHIELD | 1 N 1 N Cc315 _LCBOE 4 1 / +15V Ri46 ciz2
N o P 0 | D130 J500-10 / | / PE00~10 100pF c316 | 118K —- C1
——————————— A.c143 (R109 W K — 0.1 | ci20 X [~ 33pF Di27
o c139 R112 R100 N T~ 470pF { 110 c304 G301 0.1 250V 0.1 155143
‘ 3322 49, 9K U%OET R108 ! . 0.0047 2scas37 250V » P ! | b
J100 r L 1% ? 8=o 850 | {F— : R147 Mpa8097 119 @121 < Ris3
CH 1 INPUT = Sy D131 ; @317 ! R332 0 R333 ¢ R334 0 A312 ! 0 = . ona123 & Aad
* asc p— NOT D> NOT D NOT 5.7
X 4793 @312 P500~8\_ | \ J500~8
J2-8 (13) R174 (@ 6 & @108 | 1301 USED pUSER pUSER 2w ascases7 > gised
o 1 < BGS1 11.8K | | K, MPsWo2 | R 470uH Safetui nfataleiedete -= ! 33pF Bi48 cise
R511 1% (10) 5 D123 Q104 @303 @304 | | . + P500-1 \ ! \ US00-1 oK 100pF R18S
4.99K ‘ MPSW92 ! ANAN ANN— I rt———4--=-- - - == 1 ciso0 47K
: R117 NOT i VAR OPEN -vEcsa
1% 7K \ = USED R300 ! | |e309 |a@310 [@311) I .
4 P = U1048 R515 1 c308 68 ' I N I P300-2 \ | LOW~SIDE ERROR AMP =
33079 1.8K G105 COLLECTOR > | ~T 180pF Y D305 D307 1 > % TP1-6 s
+ > L S3c C144 SEE NOTE 7 | P300-4 & . I | ansa02 NG Ao ! , | (6) D124 Q114
6 ls la = - 100 D109 see NOTE 6 |, -  b——— " N | | (R302 — e ———— - ! A321 P300-1 \ 2N4123
AS14 ciES - - asv J500-8 , | , P500-9 ! , . 1,528, [ > | *
24 0.014 s2 A -15v « ANEIAN Y4 TTTTTT T i
v P300-3 - I\ JB00-4
24 0.0 onSine — Jsoo-2 ) 1  psoo-2 < _ _ _BEAR PANEL _ _ R348 22 FB00-4 5 1 )
3 [2 [a =+ 750 +185V S38 < FPNPN4 AR N R337 22 ?33504 : OUTPUT i [ P A | L —0-15V
I b - I \ JB00-
- (53 asv R181 JS00-3 , | ,P500-3 R33s 22 I RED BLACK ! AN P500 “> \ > 0012~ pn—>
4.87K * RN AAN N % ! R351 22 ] | D125 Q123
| Pi1-3 R101 R106 VOLTAGE TRANSLATOR STAGE 1% ! R33s 22 [ ! 3 PEQO-11N\ | \\UB00-14 o 2N4125
- 1.02K 11.8K 1 " R32s N ] ! LS +PNP
= I / % ; !
S 1x © 1x G100 BASE 1—@100 COLLECTOR > c149 i b ~~~—t 3 " R33s R3ze Jfae7 <CHL FB_ >
_ Ja-2 (9 0.001 I e - - - I R195
HIGH-SIDE ERROR AMP ES1 (ES2) S | R303 ¢ R304 ¢ R305 R318 ¢ R316 ¢ R317 0.50W 0.50W | 47 O+15V
N I D301 c301
N D114 o . X R325 0.2 2 0.2 Q0.2 o oAy 0.2 0 0.2 0.2 | L
Q100 Q108 " 2.2K €307 _L_ 1N4004 SW 5W SW L300 o SW SW SW , = cas7 s
R107 N 2961 MTS105 | 0.001 2.5uH I ! | 376F .
TP1-1 é——* 8187 seK 155143 D112 ! [~ 9318 ! 1 _NEL
(1) 2.67K C105 i ha TIP47 p302 R343 " A159 c123 17
1x 27pF c306 1N4004 51 R344 470pF i
- i o —AANAN —t 2.2k | 13K
R113 T R161 @102 i R327 0.04 T A3 €310 | AN ” { 33K 33K O |
SEE NOTE 7 U104C 4.87K_| o440 e 0101 | Bange | 3go 11 L T 0.001 I
33079 1% 12pF MPSWO2 | 5.6 = G300 ! SEE NOTE 7 \
. . (5) 10[} | @107 ! W D303 SW TIP47 o I ! |43 (2) |
o o 8 (7) K & la PN4250A ! iN4004 c311 1 (1) 14 |
D108{D122 AN - - N ! Q R306 { R307 ( R308 L A~A—e R345 ¢ R319 { R320 NOT Ragas | \12 (3) o
R194 _L c1a1 = A l A28 0.2 go.2 {o.2 R334 0.2 ¢ 0.2 ¢ 0.2 | USED 750 | U104D :
w W W
20K 12pF 1 3%33 R162 ! 250 §1 5304 5 g BW sW | ! 33079 a sxé 3.56K| |
i = SIDE 1N4004 5w 1
= = ] R105 C106 ! BIAS ‘ R323 |
2.67K R110| 27pF | 25 1 ]
24 A1 D115 \ ‘ o <FNPN > i
. cis3 0103 D113 b R340 22 R352 22 Low | 33K$ X
20.5K c101 c146 2N4125 I\ PE00-4 | | R34t 22 R353 22 BIAS | !
aw 47pF a7pF R179 1SS143 Ny AANA—— o i <ZPNP > !
1% IL i\?f,___. ¢ t I N R342 22 D316 R354 22 I\ JE00-3 SN I
4 0-2 A ANAN— *
it R114 <qios t—:MITTt—:r=t>J cio8 L pi1o | P { AN4004 ' P600-3 \_ V7 7
27pF ”
R102 g m 11.8K 1 J600-9 | N\ ps00-9 R309 1m = — 4 == — ==~~~ ] - * a8 r 7
S10 P 113 N G103 BASE N | 22 18306 | @307 Q@308 D306 ! | c151
L0112 3113 <9110 COLLECTOR > ! R313 e . | 1N5402 | 0.01
cii8 D111 ! R ISR ' t: ! I : 1——-‘ Q116
= ~15v c147 NOT i , | P600-8\ | \ JB00-8 voca
R180 B 27pF USeD Q111 I L302 | > | PN4250A
470 30 P MPSW42 ) I R328 o R310 i > * 1 I ? R191
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