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The 2720-12 Envorter/Buffer at first glance scems to be one of the simplest and least
waeful of all the 2720 series processing modules. Simple, it is; its anly effect is fo
perform a 1807 phase inversion on any signal applied tv its inputs.

Least useful, its not; in addition to the obvious control veltage inversion applications
the module also can be used for filter convolwtion {changing hgh-pass to low-pass and
band pase to band reject) and "Q" multiplicativn. A 20 db. input port allows the module
to be uged as a pre-amplifier when uaing tho 2720 series modules us proceseing elements
for conventional ingtruments with low level putputs and tandem control voltuge inputs
provide for a low offsel error inverting summar, ’

SPECIFICATIONS
Power requircments: +9v. @ 2ma.
-9v. @ 2.5ma,
Iaput Impedance: 22K at 20 dh. input
220K all others
Output Impedance: lesa than 10¢ ohms
Output Oifset: switeh selectable 0 or +5v.
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SOLDE RING

Use eare when mounting all compenents. Use only resin core solder ( acid core solder is pever
used in electronics work }. A proper solder joint has just enough solder Lo cover the round solder-
ing pad and about 1/16 inch of the lead pasgsing through it, There ate two improper connections to
heware of: Using too little solder will sometimes result In a conncetion 'which appeats to be Solder-
et bul actually there is a layer of flux insulating the component lead from the solder besd. This
situailon can he cured hy re-heating the Joint and applying more solder. If toc much solder iy

wsed or a joint there ig the dengev that a copducting bridge of excess solder will {low bhetween
acdjacent etrecuit hoard conductors forming a short eircuit. Unintenticnal solder hridges can be
clesned off by holding the board up-side down and flowing the excess solder off onto a clean, hot
soldoring tror

Heloet a saldering ivon with = small tip and a power rating not more than 35 watts, seldering
¢ complotely unacceptable for assembling transistorized equipment bhuvnuse the large
fizid thuy generate can damage solid atate components.

CIRCHIT BOARD ASSEMBLY
[ Prepure for ussembly by thoroughly cleaning the conductor alde of the cireuit board
wilh o geouring cleanser. Rinse the board with clear water and dry complotely,
Silder each of the fixed resistovs in place following the paris placement desipnntors printed
n Lthe cirenit hoard and the assembly drawing figure 1. Note ihat the {ixed vesiswrs are non-
polurized and muy be mounted with vither of theiy two leads Ln elther of the holes provided.
Ctneh the resistors in place prior to seidering by putiing thelr leads through the holes and
pushing them liemly againgt Lhe buaed, on the conductor side of the board bond the leads out-
wird Lo aboul & 459 angle.  Clip off each lead flush with the solder jolnt nw the Joint s made.

sllver or gold disregurd this band

DESIGNATION VALUE COLOR CODE A-B-C
i 330 ohm ... .. +eiias.. OFRNge-OrURge-hTowWn
i 330 ohm ... La. .. ORGRgE~oTHnRE~Drown
{
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) 280K .......ovie0.. red-rad-yellow
) 220K wererieenianne red-rotdeyellow
] BS o ovrvivvaniinenaenas 22K seirenaeians red-red-oranyge
o] RE i iirianensnnnaen 220K L uiu s, red-red-yellow
i BT v vviisrnennaneeaes 220K ... .i.0vs., .. red-red-yellow
) BB o henirminmsnenenee. 220K . ... ......,. red-redsycllow
i BY oo 4TO0 L Louu i ie ey yellow-viclet-red

Instatl the ceramic dlsk eapaeitor. This componenl will have Its value written on the body of
the part.

i M TN veeesree.. 100 pfd. ceramic disk

Up to this peint all components have been non-polarized and either lead could be placed in either
of the holes provided without affecling the operation of the unit, “Elsctrolytic capacltors are
polarized and must be mounted so thul the "+ lead of the capacitor goes through the "+ hote
in the ciceuit board. In the event that the ''-" lead of tho ¢apacitor ia marked rather than the
"4 lead it 1s to go through the unmerked hole In the clreult board,

Note that the operating voltage (v.) specified for a capacitor 18 the minlmum acceptable ruting,
Capacilors supplied with specific kits may bave a higher voltage rating than that specified and
may be used desplte this difference, For instance, a 100 mfd, 26v. capacitor may be used in
place of a 100 mfd. L6v, capacitor without affecting the operation of the gircuit,

Mount the foliowing electrolytic capacitors
and solder them in place. The values,
voltage rating und polarization are marked
on the body of the part.

DESIGNATION DESC RIPTION
() Cluseocoannesiss 30 mid, 10v.
{) G2, 30 mid. 10v.
) [+Z R 30 mfd, fv,

FIGURE 1
PARTS PLACEMENT

Mouat the integrated circult, Note thab the orientation of the integrated circuit is keyed by 2 no_tch
at one end of the case which allgns with the semi-clroular key on the designator printed oa the cir-
cuit board. Use particular care when installing this part, like any other semi-conductor it is heat
sengitive and should not be exposed to extraordinarily bigh soldering tempe:ratures. Make sure
that the orientation is correet before soldering, once the unit is in place it cannot be removed
without destroying it,

RESIGNATION DEBCRIPTION
(] G- .ooiianenn .y 748 type up-amp

Install the trimmer potentiometer. 'Fhis part will etther be marked with its value or bagged
geperately with a printed elip ligting ite vulue. : .

DESIGNATION VALUE
{) R0 ,,..on... ... BUK irimmer potentiometer

1n the following steps wires will be scldered to the circuit board thet in later steps will con-
nect with the front pancl controis. Al each step prepare the wire by cutiing it to the spec ifl.ed
length and stripping 1/4 inch of insulation from each end. "Tin” zach end of the wire by twist -
ing the exposed strunds tightly fogether and melting a small amount of solder into the wire.

Using the wire provided make the following vonneciions to the cireuit board:

a 2-3/4 inch length to point "AM,
a 3-1/2 inch length to point "B",
4 3=1/4 inch Jength to point "C',
a 2 inch length to point D"

a 2 inch length to point "E™. .
a 3-1/2 inch length to point "F".
a 3-3/4 inch length to polnt "G,
a 3 ingh length to point H'.

a 1 ineh lenpth to point '3

e
e e e e e e

Tl-ﬁS COMPLETES THE 2720-1%2 CIRCUIT BOARD ASSEMBLY, TEMPORARILY SET THE
BOARD ASIDE AND PROCEED TO THE FRONT PANEL ASSEMBLY.

Place the front panel face down on
a soft rag to prevent marring the
finish. '

() Place s red pin jack {J6) in
the hole provided as shown
jn figure 4 and fasten it in place with
2 tinnerman nut as showr in detail figure 2.
Press the tinnerman nut down firmly.
In a similar manner mount biack pin jack J3,

In a sipilar munner ‘mount black pin jack-J4.
Mount a miniature phone jack {J 1) to the front
panel in the position shown in figure 4. Be -
sure to orient the jack as shown and fasten it
in place with the nut provided, Carefully tighten
thenut by putting the points of the jaws of a pair
of small diagonul cutters inte the notches in the
nut and uging the cufters s a spanner,
) In a similar marmer mount minlaure phons jack J2.
(] In @ similar mannér mount miniature phone jack J5. .

(] Using two 4-40 X 1/4 inch machine serews and two 4-40 puts mount'the single po_la
double throw slide switch 81 as shown in figure 4. Tighten the screws flrmly.

FINNERMAN NUT

FIGURE 2



[} Using the bare wire provided make the common connections to the bottom lugs of 1,
J2, 75 and 81 as shown in figure 4, At the points where a wire passes through a
seldering luy it is not necessary to make & lightly orimped econnection, simply pass
the wire through the hole. DO NOT SOLDER THE CONNECTION AT Jb AT THIS TTME,

THE FRONT PANEL MAY NOW BE BOLTED TOQ THE CIRCUIT BOARD AS FOLLOWS:
() Fasten the two "L" brackets .
to the front panel using one
-40 X 1/4 “ machine screw,
me lockwasher and one 4-40
nut on each brackel., Note that

Lhe unthreaded hole oa the 'L

brucket is used in this step. %
) Fasten the circnit board ta

the frent panel "L' hracket

by passing & 4-40 X 1/4"

machine screw and one lock-

washer up through the holes

in the circuit board and

threading them into the

threaded holes in the 'L

brackets. Secure ali screws,
MAKE THE FOLLOWING CONNECTIONS
FROM THE CIRCUIT BOARD TCO THE
FRONT PANEL: NOTE THREADED HOLE
D] Conneci and solder the wire

coming from point "A" on the

circuit board to the middie iug

on miniature phore jack J1.

] Connect the wire coming from point "B on the circuit
board to the botiom lug on miniature phone jack J1,
Solder both wires at this terminal.

() Connect and solder the wire coming from circuit beard
point "C'" to the middie lug on miniature phone jack J2.

() Solder the wire coming from point "'D" on the eircuit
board to pin jack I3,

) #older the wire from point "E™ on the circuit board
to pin jack J4.

FIGURE 3

[ Connect and solder the wire coming from point "F"
on the cireuit board to the center terminal of switch 81,

() Comnect and solder the wire from point "G on the eircuit beard to the upper lug
on switch 81,

(] Connect and solder the wire from point '"H* on the circult board to the middle lug
on miniature phone jack J3.

[ Solder the wire coming from point "J* on the circulf board to pin jack J&.
THIS COMPLETES THE ASSEMBLY OF THE 2720-12 INVERTER/BUFFER,

T0 — 18V

TO +18Y¥

FIGURE L FRONT PANEL WIRING

TESTING

Comect a power suppiy (2720-7 power supply module or other suitable supply such as
two 9v. batieries) to the power connecticns on the rear edge of the eircuit board; " +"
to +8v., "-" te -9, and ground to ground. Using a voit-chm meter set to a 5 or 10
volt range measure the voltage at the red output pin jack in the lower right hand corner
of the moedule, With the "offsel' switch in the "0v.' position this jack should be at
ground potential (0v.). . Set the "offsel'’ swilch to its "5v.'" poeition and adjust the
internal "offgat” trimmer (R10) for a reading of 5 volts. Conrnect a variabie voliage
source (0 to 5v, bias gupply on'the 2720-T} to one of the inputs of the Inverter/Buffer
and observe that as the voltage from this gource 1s increased toward 5v. the output
decreases from 5v, toward ground.

Set the "offget” switch to "0v." and apply a slgnal source of approximately 500 mv, peak to
peak amnplitude (the triangle output of the 2720-2 VCO, oz example) directly to the input of
2 hi-fi or mualoal Instrument amplifier and set the volume for a comfortable listening level,
Route the signal through the unity gain (lower) loput jack with the modules cutput jumpered
to the amplifier lnput and compare the level to that of the direct connection, they should be
appraximately the same. : :

Apply the signal ponrce used above to the 20 db, input jack and measure the voltage at the
red cutput pin jack using a VOM set to a 2.5 or Sv. a.c. scale. The meter should read
about 2v,

USING THE 2720-12 INVERFER/BUFFER

An inverting gain btock g probéhiy the most deceptively simple processing element available
to the synthesist. As little a 2 decade ago 4 diséreet component equivalent of this integrated
circult based module would have typiely sold for 19 to 15 times the price of thia unis,

In the 2720-12 the major portion of the design time was invested in organizing the front panel
layout so that the wser could realize the maximum usefulness from the potential of this usit.

Operation of the controls is a8 follows:

INPUTS There are a total of four input jacks on the module:
CONTROL On the lower edge of the moduls front panel are two hlack pin jacks.
Voltages applied to these pir jacks are summed together and inverted before appearing
at the output. The sum of these two inputs may be gubtracted from elther Ov. or 5v.
depending on the setting of the "offset” switch,
AUDIO  The two minlature phone jadks on the left band edge of the moduls provide
audio inputs to the eirgultry. The lower of these two jacks provides a high lmpedance,
unity gain input. Bignals applied to this input appear at the ocutput in an inverted form
with no gain or loss in amplitude. The higher of the two jacks provides a moderate
impedance lnput with a voltage gain of 20 db. (X10}, Signals applied to this input also
appear at the output in an inverted form.

AUDIO QUTEUT  The minfature phone jack in the uppey right hand corner of the module
provides a capacitively coupled ouiput peint.

CONTHOL OUTPUT  The red pin jack in the lower right hand corner of the module provides
a direot coupled output polnt, -

OFFBET ‘The alide switch in the center of the front panel allows the user to select a
quiescent output offset voltage of elther 0 or 5 volts,

There are many times in electronic music synthesis when availabie control voltages are
"golng the wrong way" - increasing in magnitude when Fout want a parameter to decrease
or viee-versa. For example, If there is a classic ayntheéizer volce it is the dynamute
sound fn which the output of the function generator is uged to drive both s VCA for envelope
whaping gnd a band-pass filter slmuitanecusly. With thig standard conpection the center
frequency of the filter is rising as the gain of the VCA ig increasing. While this 18 certainly
& interesting sound, en equally Interesting effoct can be produced If the filter can be made
to aweep down while the VCA is gotng up. Figure 5 shown a connection that produces this
effect by first inverting the control voltage that is applied to the filter so that as the gutput
of the function generator rises from 0 to 5v. the output of the inverter falls from 5v. to



FIGURE 5 CONTROL VOLTAGE INVERSION

Similarly, the inverier may be used to provide two control oecillator signals that ar§ 1809 )
out of phase with each ather. Figure 6 shows a connection that produces an automatic "pan’
in & stereo system, While the voltage from the control ogclllator is inereasing and tuzning
on the first VCA the output of the Inverisr ig decreasing causing the second VCA to go off.
The net resull is a sound that "ping-pongs™ back and forth hetween the twe stereo channels:

RIGHT OUT
LEFT oUT

FIGURE 6  PING-PONG

An inverting gain block can be-used as'a feed-back or summing element to change the char-
acteristicls'é]: available fiiter medules. Figure 7 shown a feedﬂba{.:k arr:?.ngem.ent.chat may
be used to apprieiably increase the Q of a band-pags filter. Tho lII.p’:ll signal is first applied
to the wnity gain ioput of the Inverter/Buffer, The iaverler's outpus is atlenuated {using the
altenvator on the 2720-7 power supply) and applied to the input of the fllter, The ouiput of
_the €lter ig fod back to the 20 db. input of the inverter, .

ouT

CONTROL
VOLTAGE

FIGURE 7 HIGH @ FILTER

The "hows and whys" of this copnection are relatively complex, bub gualitatively it works
like thig: the original input signal appears at the output of the inverter 180° nul of phase,

18 attenuatod and applied to the filter where the frequencies within the pass band are amplified
slightly and subjected 1o another 180" phase.shift. As a resuit of the two 1807 ebhifts, the
center frequency output of the filter arrives back at the 20 db. port of the inverter in phase
with the input signal sc that there is reinforcement of the component of the sighal that is at
the center frequency of the filter. Components outside the pass—band of the filter ure atten -
vated - 50 that there is less signal for reinforcement - but more importantly they de nat
eperience the fall 180% shift. Bepzuse of this they arrive back at the inverter input out

of phase with their corresponding component in the original signal gnd thersfore vancel.

The net rezult is 2 higher outpat at the frequency of tnterest along with added suppression

of the signals outside that frequecey band.

When using this connection some juggling of the "Q" control of the filter and the attepuaior
will e required tw keep the combination from osciliating, The basl procedure to follow
for maximum Q s to disconnect the input signal, set the filter's "™ control fully clock-
wise and adjust the uttenuator se that there is nu self-osciliation as the control voltage to
the fiiter is ratsed and lowerad.

Figure 8 chows 2 combination of the Inverter/Buffer and Band-pass filter that gives a noich
response. The input slgnal is applied to both the filter and the unity gain input of the inverter
while the cutput of the fliter 1s attenuated and applied to the inverter's 20 db, input,

our
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FIBUKE B HOTCH FiiTER

Summing arrangements such as this are censiderably easier fo explain and understand then
feed-back connections. When the oubput of the filter is summed with the atiginal signas the
frequencies within the puss band cancel because they have undergone a 182" phase shiff in
the filter and therefore arrive out of phase with the unfiltered fuput,

For complete cancellation of the signal the attenuator wust be adjusted s¢ that the cutput of.
the hand-pass [lilter ot the frequency of interest is the same magnitude as (he amplitude of
that harmonie in the quiput of the signal source,

When using this arrangement you will most often huve the Q@ control of the bani-pass filwey
fully advanced and the only adjustment required will be to set the attenuator for maximum
rejaction at the notch frequency (center frequency of the filter}, Much of the time Fou wift
simply be adjusting the attenuator to give you the sound you wani and won't really care fhal
the notch t8 not perfect, but for perfectionists there is a relative Iy simple procedure that
aan be followed tv optimize the filter.

8et the VCO for about concert A (440 Hz.) und use the triangle cutput to drive the filter.
{when the adjustment 1s complete any input signal may be uscd) Seb the atlenualoyr at about
its miderange position and adjusl the control voltage into the band-puss filter until the volume
inereades appreciubly indicating that you've hit a resomance point, Back off on the attenuator
until the tone reaches 2 minimum velume - you should be able to hear the fendumental heing
suppressed leaving only the higher pitched third harmonie content of the triungle, This is
the eptimum setting for the combination,

In the aame way that the band-pass Hlter can be used to give 2 notch responge the low pass
filter can be used to give a high pass response. Bimply substitute the low-pass filter for
the band-pass filter in the connection shown in figure 8,



