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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.




Hev, 0

Studio Reference Service Manual

Crowm.

2 Specifications

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
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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
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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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Figure 8.8 Q43388-0 Main Module Map
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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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Figure 8.9 Q43389-8 Output Module Map
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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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