L
Lo

MODEL 224 OWNER'S MANUAL PROGRAMS

LARGE CONCERT HALL - B: (PART NO. O75-01847) REV. O

This program replaces "LARGE CONCERT HALL - A" on all syatems V2 and

later.
Initial Sound: Hall-like - uneven for 200ms
Decay: Much longer final rate than initial rate
Initial Diffusion: Very low - obvious clicking on transients
Coloration: Very Low
INFUTS MONO: both "LEFT" and "RIGHT" in parallel

STEREQ: left "LEFT" right "RIGHT"
QUTPUTS MONO: either "A" or "C" (plus source)

STERED: left "A", right "¢" (plus source)

QUAD: left front "B", right front "D" (plus source)

left rear "A", right resr "C"
REVERE TIME BASS: 0.6=T0 sec
REVERB TIME MID: 0.6-T0 sec
CROS30OVER FREQ: 100HZ=10, GkHz
TREBLE DECAY FREQ: 100Hz=10,9kHz
DEPTH: 0-T1
PRE-DELAY: 24=152 ma

This program is basically s modificatlon of "LARGE CONCERT HALL - A".
In the old program ths "IREBLE DECAY" control affected the sound onl, ?
after the firstc 300ma. In "LARGE CONCERT HALL - B" "TREBLE DECAY"
affacts the early sound too, and reduces the decay more rapidly. It
mimica the effects of air absorption better than "LARGE CONCERT HALL -
A". and sounds more natural.

This ia not the program to use with material containing beld
transiental Its very low coloration is terrific om aymphonlic muale,
organ music, or any smooth music. The final rate of decay is =uch
longer than the initial rate. This program is excellent whenever a
very long reverb time is needed, It will sustain a guitar or (flute
tone besutifully.

Reccmmended Settings

When used with "Mode Enhancement” and/or "Decay Optimization" "LARGE
CONCERT HALL = B" sounds most natursl if the "BASS" and “HID"
gontrol are relatively close to the ssme setting, "BASS" should be
usually set somewhat higher than "MID". The "CROSSOVER" control is
useful over the entire range. If it is set to 200Hz, the "BASS" will
tand o be amphasized. If it is set to 1.5kHz it can be used to
change the character of the high frequenciea. When the asubprograms
ars not used "HBASS" should be set about a factor of two higher than
"MID". When neither subprogram 1s used the setting of the "TREBLE
DECAY" control is very important to schieving s natural sound, but the
sorrect position depends strongly on the type of music and the deaired
reverb time. With chamber music, or for film sound, a short reverb
time (1.5 to 1.7 sec.) is useful, and the "TREBLE DECAY" might sound
past at 3.0 kHz. A longer reverdb time might sound best with a "TREBLE
DECAY" of WU.5%Hz or higher, If reverb times shorter than 2 ssconda
ars desired, "SMALL CONCERT HALL - B" might give a more natural sound.
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ACOUSTIC CHAMBER: C(PART NO. O7TS5-01793) REV. 1

Initial sound: Gradual - flat for 150ma, then decays
Dacay: Moderately non=uniform
Iniciel diffusion: Moderate
Coloration: HModerats
INPUTS MORD: both "LEFT" and "RIGHT" in parallel
STEREC: left "LEFT" right "RIGHT™
QUTPUTS MONO: mix "A" and "C" equally {plus source)
STEREOD: left "A® or "D", right "C* or "B" (plus source)
REVERB TIME BASS: 0.6=T0 amc
REVERR TIME MID: 0.5=T0D sec
CROSSOVER FREQ: 100H=z=10, 9kHz
TREBLE DECAY FREQ: 100HZ=10, 9kHz
DEPTH: 0=T1
PRE.DELAY: 25=255 ma

The "ACOUSTIC CHAMBER" sounds like a chamber, but with less initial
dirfusion. It i3 good on many types of populer music. It sounds very
differant from the "PLATE", mostly due to its very different initial
sound, and the way the diffusion builds somewhst siower. It i3 not
very pgood at very long reverbt GCimes, but short times may be
interesting, Try:

= = R
#

BA3S: 2.8 o

NID: 2.2 sec

CROSS OVER: 1.0 kHz

TREBLE DECAY: 4 kHz to 10.7 kHz

DEPTH: 0 to 20

PRE-DELAY: to taste

The chamber program digitally averages the two inputa to mono. If

only one input feed is available, it should be bridged to both lnputa.
The main outputs are "A" and "C", It should be poted Gthat there is
less inherent pre~delay Iin output "A" than cutput "C¥, a differance
which can be distinguished on some meaterial. Outputs "E" and "D",
which ere derived from "A" and "C" through a form of time delay
matrixing, do not differ in their inherent pre.delays. Thus outputs
"B" and "D" may be used instead of "A" and "C" for better timing
charsoteristics but at the sxpense of marked coloration from output
D", For a single (mono) output "D" should not be used because of its
ealoration,

The best guide for using this program is to keep Che reverb time
batween 2 and 5 ssconds. The moat chmmber=1lke sound 18 schieved with
the "DEPTH™ at 0. Bsware that if the "MID" reverb time 13 long
compared to the “BASS" reverdb time, and 4ir the "“TREBLE DECAY"
frequency 1s high, then the machine ia apt to feed back internally.
This condition will be readily apparent and can be useful as a special
erfect. It can be defeated by raising the "BASS" or lowering the
"TREBLE DECAY" controla.

PROGRAMS
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We have also found that equalizing the return from the 224 (adding
sbout +3dE below 200 Hz) can add to the righnesa and naturalness of
the reverb. This effect cannot be achieved with the reverb Gtime
controls, Boosting the reverb time of tha "BASS" sxcessively makes
tha bass reverberate too long without Iincreasing richness,

Tha pre-delay display reads a minimum of 2§ msa with this program.
Aotually there is a strong single reflection at 27 ms on the left and
at 20 ma on the right. The time difference in the pre-delay for the
two channels can make @ plessant apread in the sound of a mono source.
However, with a mono feed solo instruments or voice will sound
stronger on the right. If the soloist appeara on the left in the mix
it may sound more natural to reverse ths returns from the 224,

Basa: 3.4 sac
MID: 2.6 sec
CROS8 OVER: 540 Hz
TREBLE DECAY: 4.0 kMz
DEPTH: 10 ko 4O
PRE=DELAY: 2U to 60 ma

In both stprec and quad the feeling of spaciousness i3 enhanced, DY
asing a stereo feed, either similar in plecament to the sourceé or
revarsad . Reversing the returns may deorsase the apparent width of
tha raverb. In starec or mono operation the outputs “"A" and/or "O"
should be usad as the main echo returns and summed with the source
{(through a mixer). Feor gquad operation outputs "A" and "C" should be
sent directly to the rear, not the front. The "DEPTH" control affects
only outputs "A" and "C" and should be set from 0 to 10 for Quad,
providing a strong early delay to the resar channela. Tha outputs "B"
and "D" should then be summed with the source at ths front.

MOTE: Outputa "B" and "D" are not as satiafactory as "A" and "C" for
purposes other than quad,
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SMALL COMCERT HALL - A: (PART NO. 075=01790) BHEV. 1

Initial sound: Hall-like - uneven for 200ms

Decay: Moderately non-uniform

Initial Diffusion: Moderate - some clicking on an impulse
Celoration: Low

INPUTS MONO: both "LEFT" and "RIGHT" in parallel
STEREC: left "LEFT" right "RIGHT"
OUTPUTS MONO: either "A" or "C" (plus source)

STEREO: left "A", right "C" (plus source)
QUAD: laft front "B*, right front "D" (plus source)
left rear "A", right rear "C"

REVERB TIME BAS335: 0.6=TO sec
REVERB TIME MID: 0.6=T0 sea
CROSSOVER FREQ: 100Hz-10,9kHz
TREBLE DECAY FREQ: 100Hz-10,9KHE

DEPTH: =71

PRE-DELAY: 24=152 ms

The "SMALL CONCERT HALL - A" is useful whenever a sense of aspace and
dapth needs to be added to music, It is best on popular music which
has already been mixed. The initial sound 1is b-!jhter than “hSMALL
CONMCERT HALL - B", and the * [REBLE DECAY" control is more gentle,
This program can be used to fill out a voaal or drum track if oclicking
is not too apparent. All the concert hall programs are intanded to
put their sound behind the music, not with it. They do not try to
altar » close miked sound. Thia program produces best results with
Fevert GCime setiings of 1.5 %o 5 secomda. Program 3, "LARGE CONCERT
HALL = B™ has less coloration and ia better for long reverb times.

Reccmmended Sattinga

When used with "Mode Enhancement™ and/or "Decay Optimization® “SMALL
CONCERT HALL = A" sounds most natural Iif the “BA3S" and "MID"
sontrol are relatively close to the same setting. "BASS" should be
usually set somewhat higher than "MID®. The "CROSSOVER" control ia
ussful over the entire range. If it is set to 200Hz, the PBASE" willl
tand to be emphasized. If it is sat to 1.5kHz it can be used to
change the character of the high frequanalea. When the subprograma
are not used "BA3S" should be set about a factor of two higher than
"MID®, When neither subprogram is used the setting of the "TREBLE
DECAY" control is very important to achisving a natural sound, but the
gporrect poaition dependa strongly on the type of music and the desired
revarb Lime, With chember music, or for fllm sound, a short reverb
time (1.5 to 1.7 Bec.) 15 useful, and the "TREBLE DECAY" might sound
best at 3.0 kHz. A longer reverdb time might sound beat with a "TREBLE
PECAY" of U.4kHz or higher. I reverb times longer than 3 ssconda
are desired, "LARGE CONCERT HALL - B® might give a more natural sound.

Wa have alsc found that equalizing the return fron the 224 (adding
sbout +3dB below 200 Hr) csn add to the richness and naturalness of
tha reverb, Thia effect cannot be wohieved with the reverb time
aontrols. Booating tha reverb time of the "BASS" sxcessively makes
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MODEL 224 OWNER'S MANUAL THEORY OF OPERATION

4.0 THEDORY OF OPERATION

The 224 is partitioned into 9 major fumctional blocks (mot 1including
the option module). They are: :

1. Single Board Computer - SBC/BLC
2. Data Memory - D=MEM

3. Timing and Control - T & C

i, Arithmetic Unit = ARU

5. Floating Point Converter - FPC
6. Audio Input - A=IN

T. Audio Output - A=DUT

8. Remote Panel

9. Power Supply - P31, P32 and P33

4.1 SBC SINGLE BCARD COMPUTER

The single board computer controls all funections of the front panel
such as reading switohes, slide pots and display of data, The 3BC
also contains the 224 music software which 1is used to ocontrol the
"Digital Processor™, Thesa programs are stored in Aeacd; Only Memories,
"ROM' 5", It is ther~ ROM's which have 0 be re-programmed "W cever
software 13 updated,

An RS232 interface is also provided on the SBC board to allow
automation interface =a well sa diagnostic procedures to be executed
with no sdditional hardware, This interface may be set to any data
rats betuween 9600 and 110 bawd.

8.2 INPUT/OUTPUT SIGNAL PATHS

Input analog signals are transformer ooupled, gain conditioned and
filtered prior to digitization. The input digitizer sequentially
ponverts sach @analog signal into a digital represantation which the
FPC card tranafers to the digital processor as a 16 bit offset binary
word .

The FPC card is also used to proceas output dats to the output DAC.
The output DAC circuitry reconstructa the snalog information which i3
then low pass filtered and transformer coupled to the output channels.

§.2.1 5Salf Test
In the event of operating difficulties it is poasible to determine

proper operation of the Input, Output and FPC cards by =nabling selfl
test mode. This mode i3 @ reasonably good test of Audio and FPC

subsyatems. Additional information about self test is obtained in
Ssction 6 of this manual. Self test mode is enabled by loosening the
D=MEM, TAC and ARU Dboarda. Whan these cards ars loose a control

aignal to the FPC card is allowed te fly high placing it in selfl test

4.3
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the bass reverberate too long without inoreasing richnesa.

The pre—delay display resds a minimum of 24 ms with this program.
dctually there is some output before this time, bullding to & pesk at
sbout 2T ms in the left channel and 20 ms in the right. The time
differsnce 4in the pre-delay for the two channels can make & pleasant
spresd in the sound of a monp source, However, with a mono feed solo
instruments or volee will sound stronger on the right. If the scloist
sppears on the left in the miz it may sound more natural to reverss
the reaturns from ths 224,

BA3S: 3.0 sec
MID: 2.0 sec
CROS3 OVER: 540 Hz

TREBLE DECAY: 4.4 kHz
DEFTH: 10 ko 40

PRE-DELAY: 24 to 60 ms

In both stereo and gquad the feeling of aspaciousness is enhanced by
using & sterec feed, either aimilar in placement to the source or
reversed, Reversing the returns may decresase the apparent width of
tha reverb. In sterec or mono operstion the outputs "A" and/or "C"
should be used as the main echo returns and summed with the source
(through a mixer). For quad c=uration outpdds "A" jnd “c* should be
sant directly to the rear, not the front. The "DEPTH" control affects
only outputs "A" and "C" and should be set from 0 to 10 for Quad,
providing a strong early delay to the rear ohsnnela. The oubputs g
and "D" should then be summed with the source at the front.

NOTE: Outputs "B" and "D" are not as satisfactory as "A" and "C" for
purposes other than gquad.

PROGRAMS
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the =15 Volt supply is a 7912 controlled by a 3071 op amp which senses

MODEL 224 OWNER'S MANUAL THEORY OF OPERATION

§,5,2 +12 and =12 Volt Supplies

The + and - 12 Volt supplies are both derived from a aingle secondary
fused in both legs by a pair of 2 smp slo fuses, Refer to Section 6

for fuse locations.

The +12 Volt supply i3 = [LM317K monolithic voltage regul ator

programmed by a palr of 1% resistors. This supply is both tharmal
and current protected - it will provide 1.25 amps.

The -12 Velt supply is derived from 7912 monolithie regulator which 1a
thermal and current protected - it will provide 150ma.

It should be noted that the +12 Volt supply is sequenced by the -5
Volt supply so that +12 Volts can not come up until after -5 Volta is
available. Should any problems occour with +12 Volts the presence of
=5 Yolts should also be checked.

4,5.3 +15 and =15 Volt Suppliea -
The + and - 15 Volt supplies are a tracking design which allows the
=15 Volts to track the +15 Volt supply. Both supplies are derived
from 8 single fused secondary. The +15 Volt supply 1s a LMNIT
programmed with an adjustable reslstor network.

i =

-
- e S i

the +15 and =15 Volt outputs and forces the =15 Volt output toe track
the +15 Yolts. A balance control 1a provided to trim the =15 Volt
autput. It should be noted that the +/=15 Volt supply is not ground
referenced to the «/=5 and +/=12 Volt aupplies unleas the analog
bosrds are inatalled in the 224 chasals. When measuring voltages it
is essential to refer all measurements to the correct ground.

The +/=15 Volt supplies will provide 750ma and are current and
thermally protected.

§.5.4 Mains Clreuit

The mains cirocuit for the 224 uses a dual primary transformer with 115
and 100 Volt taps — a pair of DPDT selector aswitches select the
operating voltage. This supply is switched on both sides of the line.
A primery fuse is provided on the chassis ahead of the HRFI fllter
unit, Fan power i3 maintained at 115 Volta by placing the fan mscrosa
ons of the 115 Yolt primarliea.

4.3
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mode, It should be noted that the SBC card must be installed simply
to provide a clock signal for the FPC board.

4.3 DIGITAL PROCESSCR

The processor unit comsists of three cards, D<MEM, ARU and T&C. These
cards provide the basic digital procesaing and data storage capability
to sllow the 224 to synthesize reverberant sound in either atereo or

monophonic formats.

Refar to Section 6 for troubleshooting information should any problems
arise,

B.4 REMOTE PANMEL

The remote panel interfaces to the main frame via a 28 conduotor
ribbon cable, 10 Volt AC power is sent to the control head where it
is rectified, filtersd and regulated to power the control head logile.
All data sent to and received from the control head is sent over an 8
bit bidirectional deta bus. Address data is sent over a 4 bit addreas
bus for pot selection and digit scan. All siide pots are digitized
under software control and converted into an B blt word for
transmission to tho SBC/BLC board, -

= _.:_ =
4.5 POWER SUPPLY

The 224 Power Supply produces six regulated de voltages and one
unregulated ac voltage to power thes control head.

§.5.1 +5 and -5 Volt Suppllies

The +5 snd -5 Volt supplies are both derived from & asingle secondary
winding . The +5 Volt supply cconaists of » us 723 regulator, current
boost transistor and a pair of high current pass tranaistora. The
regulator is s current foldbeck design which will limit short circuit
currents to less than 3 amps.

Over voltage protection is provided by s crowbar circuit and the
entire supply i{s fused by s 15 amp 3AG fuse. This supply is deaigned
to provide = continuous 10 amp - both voltage and current 1imit are
ad justable.

RFefar to Section 6 for fuse locations.

The -5 Volt supply 1s a 7905 monolithic regulator fused at 2.5 amps.
Thia supply is both current limited and thermally protected. It 13
designed to provide 250ma.
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MODEL 224 OWNER'S MANUAL IN CASE OF DIFFICULT™

§.2.1 Diagnostic Programa (operating system V2 and later only)

Model 228 Realdent Diagnostics are run whenever the machine la turned
on or reset, They may also be antared by holding the "SHIFT" key and
pushing the "PRE-DELAY" button. Tha diagnostics make a single pass
though all testable feastures of the msohine. II the machine passes,
it acommences normal operation. If an error 13 detected, an error
message 13 displayed,

During an error display or the panel tast display »sll controls and
buttona on the panel are insctive except the program switches.
Briefly pressing "PROGRAM " will stop the display snd go to the naxt
disgnostic test, Pressing "PROGRAM 2" bypasses all further
disgnostics and starta the regular system.

A sterec delay line program is provided which can be used for asetting
output levels, or a3 & quilck test of the machine. This program 13
resched by pressing "PROGRAM A" while the remote panel test 13
running, or by pressing "SHIFT" and "PRE-DELAY" during normal
operation. The delay is about 0.4 seconds and is not adjustable,

The diagnostica test the whole mschine, {ncluding the SBC/BLC
computer, To do this they must erase the program numbers and
parsmeters stored in the four registers A through I:I. These registers
must be repet ifter diagnostics,

Disgnostics make the following tests:

fe A /) T

ED0 to EOF h oheo ks um

Et0 to E13 Computer RAM test - destroys the aontents of all
registers unless optional memory card is installed

— Remota panel test - all LEDS illuminated for 2 seconda
and operating system version number displayed

E20 to E49 T&C board tests (may also implicate circults on DMEM)

E51 to EBF ARU board tests (T&C fellures will usually cause ARU
and DMEM errors too)

E91 to E93 Data Memory test (DMEM)

All the diagnostics work by comparing the sctual data in some part of
the machine to the data which should be there if the machine were
working perfectly. The disgnoatlic programs diasplay the axpscted data
pattern (the "good" data) on the lights in the program buttons, The
sotual data returned by the machine are displayed on the mode-register
lights. Usually an error ias displayed when the twoc patterns do not
aorrasapond . Tha pattern displaysd on these lighta i3 wital to
intarpreting the osuse of the error. If errors appear you should
write the error numbers and the light patterns in the order in which

6.7



* DIAGWOSTICS RUN WHEN:

L.MACHINE 15 TURNED ON
Z£.RESET BUTTON IS5 PUSHED
3.SHIFT & DEFTH ARE PUSHED

PUSH 8 WHILE IN
DIAGHOSTICS FOR
DELAY LINE TEST

PROGRAM BUTTON 1
SKIP TO NEXT TEST

PUSH PROGRAM BUTTON
2 TO START REGULAR
MUSIC PROGRAMS

!

CORRECT DATA

_

DATA IR ERROR

PUSH SHIFT & PHE-
DELAY TO RUMN DELAY
LINE DIAGNOSTIC

-

-
L TR

% PUSH SHIFT AND
DEFTH BUTTONS TO
RUN DIAGNOSTICS

FIG. 6.2A
ERROR DISPLAY ON CONTROL HEAD
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they coour prior to contacting Lexicon's customer service ﬂiplrhltnt.

Error displays may occur which do not indicate s fault in a vital part
of the 224. For example, there may be a problem in the error
deteation circuits themselves. This is especiaslly true if the only
srrors which display are T&C errors, On the ARU card, EB0 would
indicate a possible fault in the overload display circuit, but if no
other ABU errors cocur the machine may sound fine, If there are
several ARU errors or a DMEM error the maschine is probably faulty,
aven if it sounds OK. An error may be cccuring in a low order bit
which is not easily audible.

Errors ars al3c possible which affect the sound of the machine without
osusing disgnostic messages. If you are hearing sericus noise in
reverbsration and/or the delay line dlagnostic the machine may have
problems with the FPC or analog boarda. These can be tested with the
Sslf Teat feature, see £.2.3.

If the boards appear to work in self test, there may be an
intermittent on one of the other boards, The diagnostics are only
run through the machine once, and thay may not pieck up an intermittent
arror, Contact Lexicon for help.

Ganeral Comment

Tha diagnostics are run in @ particular order. In general, 1if tThe
diagnoatics give an error, Gthe source of the first error should be
found bafore a lot of time is spent worrying sbout the others. The
checksum and microprocessor testa come first. Errors here may not be
fatal to reverberation, and are essy to interpret. The remaining
diagnostics work by loading the timimg and ocontrol board with some
simple program, and testing the effscts of this program on the
machine. The microprocessor must be able to communicate with the T&C
card to perform theas testa. Failure to oommunicate freguently
results in an E23, an error which mesns either the timing 1s
ingorrect between the T&C and the microprocessor, or that a T&C memory
ohip is bed. Since the whole machine 13 so dependent on the T&C, any
other problem on this board will generally give errora even if the
ssotions under test are good.

Some other parts of the testa are impossible to separate. ALl tests
of DMEM require that the ARU board work at least minimally. Mush of
the misroprocessor communication and test alrouits for both T&C and
ARU @sre looated on the DMEM board. A failure hare may make the T&C
test take & long time to complete, and may alsc cause a very odd
flashing scan of the front panel, This flashing scan implicates DMEM.
A short or defective IC on the ARU or FPC pan also ocause an error
which appesrs to be on T&C. It is sometimes useful to unplug ARU and
FPC to see if the error still occcurs. The FPC 13 not testaple by Che
miocroprocessor, and the machine ahould pasa all diagnostics with FPC

unplugged .

What if the machine does not sppesr to work at all? The cable to the

6.8
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Remote Panel should be checked first. If there are no dlisgnostic
errors ths machine will eventuslly run reverberastion with €the remote
head unplugged. If the machine does thia, the Remote Panel or the
sable 18 faulty. It is however more likely that the tresnsformer plug
in the power supply has come loose, or that a power supply fuse haa
opened. The Self Test mode can be used to check the audic boards and
indirectly the power Supplies. 3elf test does not check the +12V or
the -5V supply. 3ee section 6.1 for Ppower 3upply Gtest polnta,
Failure of the machine to respond eithar with disgnostlies or
reverberation when the power suppliea are good probably means that the
23C/BLC board has feiled.



2.4 OPTIONAL MEMORY BOARD

Version 7 (and higher} software supports & memcry board which plugs
into the option slot on the 224, Thia board (available fall 1580)
ﬂl‘qx’“ additisnal reverberation progrems, permanent storage of
registers preset by tim--3r, and the restoration af the ourrent
operating atate after the power has been turned off or has failed.
Sse Section 5 for a complete description of this board.
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