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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

i




& Crouim. Studio Reference Service Manual Hev. O

This page intentionally left blank

Voltage Conversion 3-2




Hev. O Studio Reference Service Manual ECrom

reuit

Lo

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.




Fev 0

Studio Reference Service Manual

() 2 CILr,

rcuit Theory

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
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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
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© NOC
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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)
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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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