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TESTING AND CALIBRATION

There 13 only one calibhrution point in the 4780 Sequencer so this procedure will be predominantly
concerned with establishing that the module is cperaling properiy.

Begin by applylng power fo the 4 flea ciips on the rear edge of the "B" cireuit boavd; + 13 volia
to the point marked “++ ", +9 volis io the "+, -9 volts to the """ and the ground elip to the
commeon ground of the supplies. Notice that the +18 volt supply must be eapable of supplying
a hefty { for this equipment ) 50 ma. of curreni. Suitable power supplies are the PATA 2720-7
or two 4770 modules. )

Begin by selting the front punel controls as follows: ©Clock rate fully counter-clockwige (COW),
Run/Blop ewiteh fully down Lo "stop”, Trigger width fully clockwise (CW), Glide fully CCW,

Al pitch conlrols (small black knobs in the SEQUENCE hox) fully CCW - pote that these are
multi-lurn cvontrols that have a built in rotchet at the extremes of their range. Set the "duration
trim!" trimmer on the upper 4786/A circuit board fully CW as viewed from the rear of the module.

Press the "oad" posh button and observe that the Light Emitting Diede in the left-moest posltion
of the upper row of LED's comes on and slays oh, This should be lhe only TLED lighted at this
polot. - Repeatedty preas the "step" push button and observe that each of the LEDs light in turn
proceeding to the right in both of the two rows, When the last LED {right-maosgt on bottom row)
extinguishes there should be no LT Ds lighted, Observe that each time the "step" butten iz
pressed, the single LED in the Trig. box blinks momentarily,

Uging a Volt-ohm meter, measure the voltage between the "Out" jack and ground. Observe
that a8 each stage is turped on , the pitch control for that stage can vary the cutput vol'l:ugg
from essentially zero volts to over 5 volte. Return each piteh conirol to its fully COW Iimit
after each meapurement is made, ’

Stide the Run/Stop switch fully up to the "Run' posilion and ohsexve that esth of the LED's
light in gequence ending with no LEDs 1it as the last Indicator extinguishes. Note that the
aingle LET In the Trig. box vontioues to flash even though none of the LEDa in the SEQUENCE
box are on, Stowly rotate the adjusting disk of the ""duration trim" trimmer on the 4780/A
board in a UCW direction (as viewed from the réar of the module) until the poiat is reached

at which the 'LED in the Trig, box glows conatantly, then back off in a CW direction until the
indicator can be observed to wink off briefly during each clock cycle, Rotate the front panel
Width control in a CCW direction and observe that as this control is relarded the indicator LED
remains cr for an increasingly brief portion of each cleck cycle.

Slide the Run/Stop switch to its mid position between "Run" and "Stop' and observe thai the
trigger indicator LED steps. flaghing. Prees the "load" push bution and notice that the first
stage of the counter loads (as indicated by the LED assoclated with that stage) and that the
eount progresses at a uniform rate through the counter. Observe that the trigger indicator
LED blinks while the counter is working bul goes off as the 148t stage status indleator extio-
guishes.

Use a short jumpér to connect the last (right-most in jower row) red siage output pin jack to
the "gad" inpnt jack, Slide the Run/Stop slide switeh fully up to the Yrun" pesitlon ard observe
that the count "éirculates”, i. ¢, that as the last stage indicatur extinguishes the first stage
indieator eomes on, Advance the CLOCK Rate cantrel in a elackwise direction and ohserve’
that as this control s advanced the count progresses ab an increasing rate. 8lide the switch

to the ""stop"" position and observe that Lhe clock stops (as indicated by the Trig. indicator

LED remaining off) and that nane of the LEDs in tho SEQUENCE box are lit.

Remove the jumiper from the last gtage of the eounter and re-connect it Lo the second-to- last
jack in the chain, Switch the Run/Stop awitch te '"Run" and ohgerve that the count eirculates
but that the last stage In the counter does nok come on.  Move the jumyper back one more jack,
atart the clock and obeerve that the last two stages do not activate.

Contigue moviag the jumper back one jack at a time and aach time abserve that the count pyogresses
no further than the stage corresponding to the juck which 18 cornected to the "oad' input, NOTE:
conneoting the firat stage of the counler to the load" input will produce no results,



UBING THE PAIA 4780 SEQUENCER

CONTROL QPERATION .
The front panel graphics of the 4780 divide the cantrols into four logical groupings:
1} Clock
7} Sequence
3} Trigger (TTig.)
4) Outplt (Cut.)

Operation of the eontrols within these groupings ia as follows:

CLOCK

LOCK .
: BRate The rate control sets the temno of the saquancer's
_ L internal clock. Clookwise rotation of the control increases

the tempo.

Run/8top switek' This is a three position slide switch,

— ‘When the switch bat ia fully down 1o the "stop" position

the clock is stopped from freo Fuoning. Changing the

awitah to "stop!! from either of the other two pogitions

generates i shori duration pulss that elears the counter.

 When the switch is set ful]y up to the "run'' pogition the clock ruis unconditionally

.t the tempo set by the TATE conirol, Moving' the switch to the run position gengrates
a shori duration pulse that leads the first stage.df the counter,

The middie position of the switeh can be eonsidered to be a "conditional run™ se&mg
With the switch in this position the clock will free run oniy when one or more of the

connier stuges are loaded. Moving the switch {0 this pasition neither cloars nor
Inads the counter.

Run. ﬁ’.rxgut. The pin jack immediataly bolow the Run/Stop switch provides ae electx‘lcal mput
that ]cat_:ié the first stage of the counter and duplicates the sction of setting the Raw/Stop switeh
to the "conditienal run' position (clock runs while counter ip loaded but stops when counter clears

Byrich ¥he Synch {nput allows the sequencer clock to be synohrenized with dther elocks in a
bystem (e. . another sequencer). This input is uctive only when the Run/Stop switeh'is in the
"stop' bnsiunn. If the RATE control is set such that the clock would be running as fast or
fasier than the synchrenizatfon souxce then there will be one clock pulse for every synchron-
izidg pulse. Setting the rate control such that the clock would be running slower than the
pynehronizing gourae produces a dividing action that causes ihe sequencer <lock to pulse .

once for every two, three or more synchronization goarce pulses,

SEQUENCE FQULMCE
cLoad There sre both electricel and

mangal provisions for loading the first

_stage of the counter, gume of which have

been covered in CLOCK controls explam-

e’ ‘o o o e - o0
ation, The LOAD push
huttor -and pin jack i
" conlained in the' SEQUE‘{CF R

hox of the panel graphics @

allow the counter o be ; @ @ . @ . @
loaded without changing STEP

the.clock stalus, Itis 'I‘—LOAD

important to note that :

the first stage of the
courter loads on the
trailing (falling} edge of
pulees upplied Lo the -
EOATD pinjack,

OPEEEE

Step - The siap push button 18 essentially a manusal substitute for the clock. . Pressing this
button causes the count to advance by one stage.-

Piteh.  There are 12 unlabeled pitoh controla (small black knobs), \'\{ﬁile there is some very
slight Interaction of these conirals whick wiil nat be noticeable under normal ciroumstances,

each control is sctive enly when the corresponding stage of the ring counter is loaded. Turning
the knobg of these 25 turn controly in a clockwise dlrectmn mcrwsus the conirol voltage present
at tho output jack.

Status. TEDs  Below each pitch control is g Ll[,ht Emitting Diode which glows to indicate that
a stage is-loaded and active.

Stage O.utguts The 1 red pin jacks in the SEQUENCE box are pu‘[se mltputs associated with
each stage. As each smbp ie loaded approximately 15 volts appears at the pin jaek nssociated
with thai stage, This voltage remains high a8 long as the stage is active and drops ' to eggentially
zery when the stage turns off.

s 11 TRICGER

Width  The width eéatrol in the TRIC. hox allows the atep trigger output jack
to be at & high voltage. state for a period of tlme that ie a fixed percentage of
the time betwsen clogk pulsgs, Turning the contral in-a cléskwiss direction
increases the duty factor" {percentage of "on' flne to "off" tiine) of the step
trigger output, ) .

Step Trigger ¢_I1.) The'red pin jack direotly bolow the Width contrel is
the siep trigger vutput, The voltage at this jaek rises as. described above.
Within the step trigger symboel (™7l 1s & Light Fuliting Diode that indicates
both clock rate and duration of the siep trigger pulse. . This LED is 1t whonever
the step trigger cutput 15 high, ' i -

Pulsse Trigger { ) The red pie jack marked with the pules symbol is the
ottpul for a shert duration pulse that occurs on the-Joading (rising) edge of each
step trigger.

Q

WlD‘H

1Ok}

—C | T -

QUTPUT

Glide. The Glide cantrol inside of the vutput hox provides for glissando bubE
hetween changes in control veltage output. Turning thie contrel in a
clockwise direstion inoreases the time required [or the voliage te change
from ope level to anolher.

Out  The red pin jack direetly below the Glide control is the control voltage
output of the sequencer,




USING THE SEQUENCER

Figure 1 shows what will be by fur the most common patching arrangeinent between the 4780
and external processing wodules. The control voltage output of the sequencer 1s driving a
VO while etther of the trigger oulputs {Step or pulse) are acling as trigger sow ces to a
function generalor which is in turi vafying the gain of » Voltage Controlled Amplifier,

Fyre 1 - COMMON SEQUENCER PATCH

The pitel: that will be produecd by each slage of the sequencer would ordinarily be sut hy using
the: LOAD pushbutton to load the counter then STEPR ing through all the stuges white setting

tha pitoh of the vscillator ns desired uging tho sequencer's pitch conlrols, Sliding the
tunslop switch to RUN will produce o single run of notes at the rate sot hy the RATE control,

Using the vun/stop switch set to the BUN position for single sequence run (non-recireulating)

is u bad idea for one very imporient reason. The cluck continues to run whether the counter

ou is uetually counting or nol.  So what's so wrong with that? Josi this, as long as the
clock section is running it is also triggering the funclion generator which in tara is turniag
the VCA oo und off.  For some seltings. of the stage pitch eontrols there is o residual oulput
-voltage from the sequescer which keeps the oscillator going at a very low pitch. | This is
very wanoving if what you aclually wa is » single run of notes and then quiel. Even if there .
is no residual tone from the oseillator, most VOAs make a-Hittle noise (pops, hisses, ete.)

“while they're working.  As lony as there is a tone input Lhe little cpevativg nojses are nat

© objectionable but; when theré is no input 1o mask them they atand out like a toplesa dancer

at a prayer meeting.

A better cheice for single sequence rms is to set the run/stop switch to its tntermediate
Teonditional rue' pesilion and then sturt the counter by LOATHng the [irst stage. Now the

counter will go through a single twelve note sequence und then stop -- completely, no
even trigger pulses will be generated, .

Re-circulating sequences do not present this probletn since they are meapt to run until the
Tun/ptop switeh is sel to "stop” which both clears the comter and stopa the clock anyway,
8till, even re-girculating counts cun be initiated by setting the R/S swlich to "conditional
run” and then "load"ing when ready for the.sequence. This has some distinet advantages
when using multipie sequencers a8 we shall scon B=e.

Asg we saw i the anit'sverification procedure, producing a continuous seguence of notes

is simply & matter of determining how many notes you want-in the sequence and then cotnting
down that many stages before jumipering ihe stage output buck into the "LOAD! input, ' For
example, ‘to producc a continulag &ix note sequence, the sixth stage of the counter would

be jumpured back into the "load juput as shown in figure 2.
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Figare 2 - SEQUENCER 8FET FOR § STED RECIRCULATING COUNT

Even the simple ¢connection shown it figure @ presents a large number of variables that are
under your direct conlrel und we heartily recommend playing for n time wilh this single patch
while niaking the ceunl pingle run or re-circulate, varying the tempo from slow to fast, nsing

-both the pulse trigger output of the sequencer and the step trigger at various seitings of the

WIDTH contrel, advancing ox refarding the GLIDE, setiing various pitches at each stage,
Also, don't neglect the controls that are external to the Sequencer, you've got Attack, Decay,
Snstain and Release of the Envelope Generator zad a variety of oscillalor wavetorms to
ligtan to, ALl this playing could burn up a Tot of time (you could get booked and never want
to stop) but as you go along youTll notice that very subtle changes in the configuration of thig
patch's controls can make marked differances in the sounds that are preduced.

The RIIN an;l SYNCH inputs te the sequencer's clock are most useful with multiple sequencer
configurations but they also can be used to He the sequencer to a keyboard, Let's look ai

gome axamples, .

Figure 3 shows the pulse vutpui of u keyboard cosnected to the sequencer's SYNCH iopat.

A8 18 shown, the R/S switch in this application must be left at the STQP position to produce
the following result; as long as the counter is pot LOADed, nething happens und the VCO that
is conmected to the sequencer is silent because there are no Lrigger pulses originating from
the sequencer, The keybourd, whose control voltage would go to a second ocaeciilator, can

be played manually as usnal. Once the counter is LOADed, the count will advance by ome
stage each time a key is pregsed on the keyhoard and each rime the keys ave pressed a
trigger pulse will be generated by the sequencer to activate its ussocited envelope generator
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Figure 3 - SYNCHRONIZING SEQUENCER TO KEYBOARD

and VCA. In other words, you have z pre-programmaple harmony gencrator that will stay
in aynch with the keyboard and can be'called up as required by LOADing. As usu_al, the
count can be made to re-circulste by feriminating the desired atage hack into the TOAD
input jack but then the H/S switch must-be set to STQP o silence the patch.

there are two ways that 2 keyboard or other manual tontrollex ¢an be used to initiate an
automatic arpeggie using either the RUN or LOAD inpats. tn both instances the step
trigger pulse of the manual .controller is the best chmcc of trigger but pulse triggers
algo produce mtcrf.sng ‘effects.

Using the step trigger output of the manual controller zs an inpud te the RUN jack requires
that the B/S switch be set to STOP and results in 2 twelve step arpeggio each time a key
is pressed on the keyboard. In this casé the arpeggio hegms a8 soon as the key goes dbwn.

Perhaps more uselul is to have an arpeggm result from releaging a key o that the gelected
note en the keyboard is played followed . by the sequencer rum.. This effect can be preduced
by setting R/8 to "conditional Tun” and jumpering the step output of the keyboard inte the
LOAD ::_nput of the.seguencer (remember, we said earlier that'the eounter loads on the |
trailing edge of pulses input to the LOAD jack. (sec figure 4)

Figure 4 - GENERATING ARPEGGIO AS EACH KEYBD‘ARD KEY IS RELEASED

MULTIPLE SEQUENCERS

-As with many other things, if one sequencer is neat -~ multiple seguencers are really terrific!

Two or more gequencers ean he combined in ways thut will produce long predictable sequem:es
or in other WHYS that will produce even longer more-or less random gequences,

Chaining two or more sequencers 8o that they aet like one long sequencer is simply a matter

of jumpering the cutpul of one sequencer into the LOAD input of the next as shown in figure 5

If you are not using synchronization between the two, sequencers, then it 1s desirable that

both R/S switehes be set to their CONDITIONAL RUN positiorn, Under these conditions

the clock of each sequencer is inactive until the counter agsociated with it is loaded so each
sequencer. should be triggering its own function generator { note that the two-function generators
can be both driving the same VCA if desired). The big advantage here is that the two sequencers

“can be set to run at entirely different rates so that the ficst sequencer plays {for example) at a

slow rate followed by a very rapid run when the second sequencer is activated,

If you want the twg- sequencers to run at the same rate you. can arbitrarily designate one as the

Mmaster"’ and the other(s) as slave units. In this ease, the siep (or pulse, whichever is not

being used to drive function generators) outfut of the "master' ties back to the SYNCH inputs
of the slave vnits, In this confipuration, the R/8 switch of theé "master” unit must be set to
RUN se that its ¢lock is working whether its counter is l_v._:'aded'or noi - you need those clock
pulees te drive the slave units whose R/8 switch should be set to STOP, Ta be perfectly

in gynch, the rate controls of the slave upits should be set slightly faster than the rate of the
master, Retarding ihe slave units RATE controls will cause them to trigger on alternate
(or every thivd, fourth, ete. ) pulses from the "master™ clock so that the two (oT more)
sequencerg can run ai different - but stfll eynchronized - rates.
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Figure 5 - CHAINING FEQUENCERS

LOADing pulges to chained sequencers don't have to come from the last stage of either
"master™ or "slave" units and picking up a load pulse from the mtddle of & sequencea
produces some interesting situations in which both - or all ~ of the sequencers ave

loaded and munning for part of the ayele, This prodnces some particularly interesting affects
when the sequencers are not synchronized to one ancther.

We could go on explaining different interconnections between multiple sequencers for a good
many more pages bul it would prove little beeause there would always be gtill more pages to
write, Anyway, you probably are beginning to see that. the modules can be patched together
however you 1ike and the worst that can happen is nothing - there are no possible inter-
connections that will hurt anythicg. Some of the things that you might want to try are:
Conzecting one of the stage outputs of one sequencer to the RUN input of & second sequencer
80 that when the selected stage of the first sequencer goes high the sacond sequencer produces
a rapid run,

Try interconnecting stage outputa between synchronized or non-synchronized sequencers to
praduce random - or peendo~random sequences. When two stage cutputs are tled together
in this manmgr it produces the interesting effect of equivalency belween the stags, anytime
one of them goes high the other alse goes high, Varying clock rales beiween units in this
type of situation produces lnteresting resulta.

The cantrol voitage output of the sequencer doesn't have to drive a VCO. It can alsa control
the parameters of a filter.

Melodic Hnes aren’t the only ¢hlag that a sequencer can generate, If you consider the module
to be a versatile function generator a number of interesting uses come to mind such ag the
possibility of setting the pitch ¢ontrola and glide controls such that the control voltage output
is an approximation of the dampled slnugold shown in figure 6 . When this type of waveform
is capacitively coupled to one of the control voltage inpuis of a2 VCO it produces an Interesting
decaying vibrato effect. Note that in this application the sequencer would be sef up with R/S
to "conditional run" and the manyal controller’s pulse autput LOADIng the cownter, Change
from the manual controller's pulse cutput to the step output and the counter won't load until
the key is released - which means that when the note 1s firgt played there will be no vibrato
hut when the key 18 released, B-O-I-NeG=I=NoG-F-N-G !

first atage pitch
sl te max.

last staga
set mid-range

Sequencer generated approximation of
a damped sinusold, produced-by setting
. "'piteh™ controis at alternating high and
&nnul m;l pitch low settings.

Ili te mis

Figure 6



DESIGN ANALYSIS
CLOCK

Ag i3 shown in the block diagram of the sequencer (fignre 7) and the schematic (ﬂéure 8,
the clock does & lot more than simply provide timing pulses fur the ring counter.

At the heart of the clock is a simple relaxatlon oscillator bulit around 2 slngle Norton amplifier
stage {pins 1, 5 & 6 of FC-1) which is arranged in a Schmitt trigger configuration, Apsuming
that the RUN/STOP switeh is in the "run'! position, there are three major bias svurces to the
inputs of this amplifier. The first is inte the non-invarting inpul (pin 1y through resistor R18.
The second is also applied to the non-inverting input and i8 derived from the normally Iigh
output of the amplifier through R16, - ‘The third current fiows into the inverting input through
R34 as a result of the voltage that appears scross the-timing capaciter C4.

During the major portion of a clock cycle, the combined current flow into the non-| ~Lnverting input
of the amplifier exceeds that which flows into the inverting ieput and as a result the uutput of the
amplifier is held very ¢lode to ihe positlve supply vohage,

As C4 dharges through the fixed résistance R35 and the front p&nel rata cunﬁl‘ul R135 the voltage
acrosy it everlaally becomes such that the resulting currentflcrw_throagh R34-exceads the pombined
current flow of R18 and R1G and ot this polnt the cutput ef the amplificr switchas to a low state.

Two things happen simuitaneously, “The current that was flowing through R18 1s remuved so that
the current through R34 will hive to decrenge gignificantly before the amplifier can switch again &nd
dinde D1 bacomes forward biased and beging to discharge C4,

As Q4 discharges, its voltage soon resches the point at which the current through K34 1s less then
ihat through R18 causing the amplifier's output to once agaln switch high, This eimuitanecusly
ceverse biases DL and re- estabhshes the faed-back current through R16, Fror this point the
cycle repests,

The minimoin width of the negative going clock pulses that appear at pin 5 of 1C-1 is limited by
‘the dynamic impedatce of diode DL und while they are rolatively ahott (about 1% of the total
pet'md at the slowest clook rate) they are fax too long to use direotly on the clock line, The
clock pulses are differentiated by C1 and R15 and used to. switch a second amplifier section of
-1 (pms 10, 11, ‘and 12).. The output of thiy amplifier stage is Gnec again ingh riding w1t11
mlero-second tange pulses to ground,

Switching the RUN/STOP switeh to the Mgtop” position introduces a fourth bias current to the
amplifier in the relaxation gscillator by raising the ungreuwnded side of R30 to the positive supply
voltage, ‘The resulting current flow through R81 and R1Y is such that the total current flew info
the non-inverting input of the amplifier ls much greater than the cérrent produced by the highest
voltage that C4 can charge to. The output of the amplifier cannot switch to its low etate and the
clock can be considered off.

The fouril biag current can be remuved and the clock started either by returning S1 to the 'rua"
position or by turnicg en transistor Q2, thereby shovting the junction of R19 and R31 to ground,

Q2 can be turhed on and held en by applying a positive voltage to the "run” input-jack on the front
pans) ot il san be turned on for very short periods of time for synchronizetion purposes by

applying pulses to the "synch" input pin jack. Pulses applied to the "syoch” input are differentiated
by eapucitor C3 with the negdtive going Bplkes at the trailing edges of the pulses clumped to grmm.d
by D2,

To examine the cperation ol this comparator, assume that the relaxation cscillator is gl.the polnt
where it is just ready to fire apd produce 2 clock pulge, At this poitt the cutput of the comparator
is low becanse there is greater current flow into pin 3 than pin 2. As soon as the output of the
relaxytion eacillator (pin 5) goes low the current that was flowing through R3% is remeved. Without
the current contribution of R39, there is greater current flow into the non-inverting input than the
inverting ieput and the output of the comparator switcheg. to 1is high state causing a voltage stap to
appear at the step trigger output.

The output of the relaxation oscillator quickly veturns to its normal high state; bat atthe tme that it
does, the vollage appearing across €4 is conelderably lower than it was at the point of firing, Even
through the current flow, through R3S is restored, there is still greater current flow tnto pin 2 of the
comparator than pin 3 because of the reduced current flow through R38. As the voltage across C4
increnses, the point is eventually raached at which the currents through R38 and R39 exceed that
through R136 and the output of the comparater returns to its low- state removing the voltage step
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at the cutput, The point at which this transition to a low state occurs is a function of how higl'i the
voltage across C4 has to rise hefore the Inverting input current exceeds the non~inverting input
current and this in tuen is dependent on the setting of the front patiel BURATION controt.

When the euiput of the comparator switches high, . the leading edge of the step is differentiated to
a pulse by, C7 and appears ai the front panel pulse trigger output jack, The negative spike that would
appear at the trailing edge of the step is clamped to ground by D3,

The step teigger alse divectly drives the light emitting diode LED-13 which indicates to the user the
‘duratien of the step trigger output, In order to ease power supply regulation regulrements, the
relatively heavy periodic eurrent flow required to light the LED is balanced by switching the Gammy
load R24 Mon" anytime that the LED is off, The inversion required to perform this is provided by
the fourth stage of the amplifier in the T0-1 package, pins 8, 9 and 13,

‘RING COUNTER
The design of the Ting eounter section of the sequéncer s 4 common ¢oncept employing 12 serially
coupled latches, . A typleal stage is shown below. Like any other lateh, this elrenit has two stable
states. When the cutput voltage of the amplifier is low there 18 no current flow through the feed—

back resistor Rf and the greater current into the inverting input through 1th than throwgh Re inte the
fon-inverting input causes the culbput to stay low. .

FROM PRE-
CEBING STAGE Y\

Unee Lhe circuit changes state to a bigh sutput a current begins to flow through Rf which when added
to the current already flowlng through Re results Ln a greater total {low into the non-lnverting input
than is provided to the inverting input through Rb. The result Is that the onkput stays high.

This stage can.be “'set” or "loaded" {output changed to a high state) by momentarily decreasing the
current flow into the Inverting input, This is the case when the serics capacitance and resistance
[Ri/Ci) are connéoted to the qutput of another laich whose output 18 transitiesing frorm a high to u
low state, Once 8et, the stage can he reset by momenlarlly dropping the clock line from positive
supply to ground,

if the time conatant of R1/C1 Le chosen such that it Ls long when compared to the duration of the clock
oulse, a ring of those atages wilt count by advancing the high state from vne slage to the next each tlme
“here is a elock mulse. In the process of belng reset, sack stage passes the gourt to the stage immed-
iately following it in the chain,

The entire chiin van be cleared by hoidiog the clock line as ground for & period of time greater than
‘he time censtant of the R1/C1 combination. When the RUN/STOP switeh 18 et to the "*slop/clear
sosition, the series combinatfon of H29 and C5 on the clock board genorate 2 relatively long ( . 5 sec.
approximutely) current pulse that turns on transistor Q1 which in turn shorts the elock line to ground,

tis undesirablé to have more than a single stage of the counter set at any glven time, yet this
sltuation would naturally occurs if the outpit of an intermediate stage of the counter was fed back
ato Lthe input. Teo prevent this, the output of stage one serves as a reset for the rest of the stages,

13



‘When stage one goes high, current supplied 19 the inverting inputs of the rest of the stages in the
counter by way of R111 - Ri21 causes each siage to reset.

The first stage of the counter can he set in a variety of ways, Pressing the front panel LOAD push

button causee a voltage to appear across R133 on the clock board which i3 eguplad to the non— invert-

ing input of the firat counter stage by means of C24 and R134, Applying a voltape step to the front

panel RUN input jack produces an identical result because of diode D5 (but nete that pressing the

LOAD hufton reverse biases 15 and will not cause the clock to ran).  Setting the BUN/STOP switch
to the "yun" position cuases a viltage o appear across RG2 which when eoupled through C8& and

R134 produces the same resutts.

Taking the firs{ as typical, the ouiput of each of the counter stages is connccied through a current.
limiting resistor (R7) to a light emitting diode (LED-1).  All of the LEDs in turn connect to 8 com-
mon line that returns to ground through the zenex ﬂmde D4, These LEDg and the zener perform a
mumber of functions,

First, the LEDg light {o indicate to the yser whieh stage 1s currcnﬂy loaded, Second, the LED
ang zenoy together serve to elamp the voltage that appears acrass the voltage divider at the,
output of ench stage (R41 In stape. 1y to a referénce level of approximately 6 volts and thereby
aseists tn eliminating voltage dritt at the control voltage cutput of the sequencer, Third, the
LEDs function as normal dicdeés to prevent interaction between the twelve counter stages,
Finally, the voliage that appears noross the zener aay time that uny of the ring counter stages
are sct serves as a signal baek to the clock that the counter is loaded.

The multi-turn potentiometers at the output of each stage of the counter are resistance coupled
(R1 in stage 1y to a commok: line that feeds ron—inverting summing amplifier IC~5. The output of
the summing ‘amplifier is connecied to the glide circuit eonsisting of the front punel GLIDE
contrel R137 and capacitor C22, The emitter follower Q4 Serves as an output buffer to minimize
nnwanted eentrol voltage level changes that could atherwise be a side effecr. of ¢hanging the glide
rate,

Inthe "condil.wnﬂl rin" (mxddle) Bettmg of the clock’s RUN/STOP switch, the elock ring only
whia there 18 & "1" loaded into the ring caunter (see USING section). This is sccorplished by |
using the voltage that appears across the zener dicde D4 when any stage of the counter {s high -
(see ring counter analysis).to turn on transistor Q3 on the clock beard. As long as Q3 is on,
the voltage divider R21 and R206 in the vlock is connecied between positive supply and ground
.causing a normal bias current to flow through R18. When Q3 turns off, the voltage divider is
no longer grounded causing the junction of R21 and R20 to rise to essentially supply thereby
forcing 4 times more current to flow through R1i8 than previoisly. As explained previously,
this stops the action of the relaxstion gSeiltator, When the RUN/EBTOY switch is in the “run'
position the corrant to hold 8 on is supplied through Rl4l, -

A third amplifier in IC 1 (pins 2, 3 and 4) takes care of generating the step and pulse trigger
outputs of the sequencer, --This amplifier {2 wired as a comparator so that its cutput voltage
{at pin 4) is jow until the gum of the currents into the nee-Inverting input through R33 and R39
falls below the level of the reference current throngh R138.
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