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BOLDERING

Use care when mounting ell components. Usa only roais oure solder { #eld core solder is
never ugod in electronies work, ) A propor wolder juink ks hust etough solder to cover the
round soldering pad and about L/16 ingh of the lend pamplng theough 1L, There are two im-
proper cunnections to beware ofi Using too little molder will winnetimens result in a connection
which appears to be soldered but actually thare s & luyer of flux \nsulating the component lead
from the solder head. This situation can ba oured by re-hasilng the Juink and applying more
solder. If too much solder is used there 1 the dange® Sk & seaducling bridge of excess solder
will flow between adjacent cirouit board conductars Samning A #hb2 slroutt, Unintentional

bridges can be cleaned off by holding the board up-sie down and flawing the oxceas solder off
onto a clean hot soldering iron,

Select a suldering ivon with a small tip and & power ruling not more than 18 watts, Soldering
guns al:e completely unacceptable for asaombling tFanslstorived squipmont bacavue the large
magnetic field they generate can damage solid alate sompononla,

CIRCUTT BOARD ASSEMBLY

[} Prepare for assembly by thoroughly cleaning Lhe condactor side of tis board with a
seouring cleanser. Rinse the hoard with oluar water and dry complately.

Solder each of thé fixed value resiators In place following the parts placement designatars
printed on the circuit board and the asssmbly drawing figure 1, Note that the fixed vaiue
reslstors are non-pelarized and may be mounted with either of their two leads in either of
the holes provided. Cinch the resistora in place prior to soldering by putting their leads
through the holes and pushing them firmly sguinst the board; on the conducter side of the
board bend the leads outward to about & 459 angle. Clip off each lead flush with the solder
Joint ag the joict is made. Note that not all of the fixed resistors are fnatalled on the cirenit
board. In particular, R 1, and R4 will be inetailed in later steps.

I—s].lver or gold diaregard this band

DESIGNATION VALUE COLOR CODE A-B-C

Ra...... 270 ohms ............ red-violet-brown
R3..ucuuines 2100 ohme . ,...,.4... Ted-violet-red
red-violet-brown
brown-biack-yellow
grey-red-orange
blue-grey-ornnge
grey-red-orange
brawn-green-orange
red-red-red
brown-black-yellow
GraAnge-orange-orange
blue—grey-red
brown-black-orange
brown=black-orange

R ...,
RE..cuunn

i, o
i T N

. blue-grey-brown
seresnnss  blue—grey=brown
Rl iiviniivinnniin. tiereresss.s blue-gray-brown

Install the ceramic disk and mylar capacitors. The ceramic disks without axception will
have their value marked on the body of the part but the mylar capacitors may be color
coded a8 shown below.

DESIGNATION VALUE COLOR CODY, A-B-C A
-lmylar .... brown-blsck-yaliow B
.l mylar .... brown-black-yeilow \
. 001 seramic disk D|SREGARD

.0lceramic disk
. 100 pf. ceramic disk
Cl0..,,,.. .01 ceramic dlak

o —
S

Up to this peint all components have
been non-polarized and either lead
could be placed in either of the holes
provided without atfecting the oper-
ation of the unit. Elecirolyie capa~
cilors are polarized and must be
mounted so that the -+ lead of the
capaelior goes through ihe ' +' hole

in the circuit board. In the event that
the =" leud of the capacitor 1a marked
rather than the "+ lead it 18 to go
through the unmarked hole 1n the _ Figure 1

circuit board.

Nate that the eperating voltage {v. ) specified for a capacitor is the minimim acceptable
rating. Capacitors supplied with specific kils may have a higher voltage rating than that
specified and may be used despite this difference, For lnstance, 2 100 mfd. 25v. capa-
cltor may be nsed in place of a 100 mfd. lév. capacitor without affecting the operation of
the circuit. .

Mount the following electrolytic capacitors and solder them in placve. The values, veltage
rating and polarization are marked on the hody of the part.

DESIGNATION VALUE

2.2 mfd. 15v.
30 mfd. liv.
30 mfd. 19v,
30 mfd, 156+,

Install the transistors. Orientation of the transistors s keyed by the flat on the side of the
case and should he evident from inspection of the paris placement diagram shown in fig. 1
und the parts placement designators printed on the ¢ircuit board. All semi-cobductors are
keat gensitive and may be damaged if allowed to get too hot during soldering, To be on the
safe zide hoat sink each transistor lead during the soldering operation by grasping it with a
pair of needle-nosed pllers at a polnt between the cireuit beard and the body of the transistor.
The part type no. is printed on the case.

DESIGNATION TYPE NO,

2N5539
MPF-102
MPF-102
ZNG13%
ZN312%
2N613%

)
0
)
)
(}
)

Inetall ull diodes. Note that these parts are polarized and must be properly oriented in oxder
to cperate properily. Polarization of the diades is indicated by a celored band on one end of
the case. Install as shown in figure . The pbysical appearance of the device is related to
the schematic symbol used on the eircuit board parts placement deslgnators is the drawing
below. -

DESIGNATION TYPE NO,

! 1N91d

1Ng14

INg14

1Ng 14

iNg14

1N914

Install the integrated cirouit IC-1. Nute that the ortentation of the integrated eircuit is keyed
by a nutch at one ead of the case which aligns with the semi-circular key on the designator
printed on the circuit board. Use particular cave when installing this part, like any other
semi-conductor it i heat sensitive ant should not be exposed to extracrdinarily high soldering
temperatures. Make sure that the orientation 18 correct before soldering, once the unlt is in
place it cannot be removed without destroying it.

{) ) (S R wateeenae. 148 or 39} type op-amp



[ Uning oite of the ploces of sxeess wirs ciipped dering realator ntullation form and

tnatall the Jumper shown in figuea § und dnpristed on (i vircult hoard o8 a golid line.

b the fullowing utops wires willl be soldessd 1o the ol reul hourd which wiil tn luter steps
uinnoul Lo the kaybonrd, voltage dividor elrould board sad the tron punel controls.

Purt of thla wirlng is in the form of u & conductor uble, Hegln by vuttlng an 8 Inch length
from the end of the cable suppliod, At each ond of thin short tength of vablo strip away

L inch of the outer insulation to exposo tha 6 vondugkors. ‘The grasn wicy o this hundle

wlil not be used, at each ond cut the grocn wire oﬂmﬁﬂl the wad of the outer jacket.
Strip 1/4 inch of insulation from the ends of the & FiR axponnd wires (red, browa,

black and white). "7'3in" the exposed wires by ratKlAg W ANl simaunt of solder into the
tightly twisted strands, Use the exposed wires ll;f:” g of the aablo as follows:

) Solder the red wire to the circuit board peist markod v | 18"

(3 Solder the brown wire to the ciroult beard pulnt murked v go

() Sclder the black wire to the point merked with o yround symbol (3

() Solder the while wire to the point marked "y

Preparc the remaining cabie by sirlpplig wwuy 5 Liclos of the outer ingulation from one
end of the cable and separating out the 5§ wire wtrands. In ihe foliowing steps the individuai
wires exposed above will be cut to the proper teoyih as measured from the end of the silver

outer jacket, As each wire is cut lo length ALrip away 1/4 inck of the insulation on that wire

and tin the exposed strands. .

Cut the white wire ta a length of | £/4 tnch.

Cut the biack wire to a langth of 2 3/4 Inches,

Cut the brown wire {o a length of 4 1/4 inches.

Cut the red wire to a length of 4 5/8 Inches,

Strip 1/4 inch of insulation from the ond of the green wire. Twist and (in.

(
(
{
{
{

Solder the wires from the cable into the olroult board holes as [ollows:

The white lead to Y1,
The bluck lead to "BY.
The brown iead Lo "A",
The red lead to "K',

{) The green lead tc "3,

Prepare lengths of the single wire supplied by cutting to the indicated lengths and stripping
1/4 inch of insulatior from each end of the wire, Tin hoth ends of the exposed wire and
install in the circuit board holes indicaled.

() A 24 inch length o "C",
) An 81/2 inch length to "D",

THIS COMPLETES THE 2720-8 SAMPLE AND HOLD CIRCUIT BOARD ASSEMBLY,
TEMPORARILY PUT THIS BOARD ASIDE AND PROCEED TO THE ASSEMBLY OF THE
VOLTAGE DIVIDER CIRCUIT BOARD,

{3 Pregpare for assembly by thoroughly cleaning the conductor side of the board with &
scouring cleanser, Rinse the board with etear water and dry completely,

Install the following 5% resistors on the long voltage divider circuit board, Note the gold
tolerance band on all of these resistors, Avoid excessive soldering tempersatures which
could produce a permanent change in the resistor value. See figure 2.

DESIGNATION VALUE COLOR CODE A-B-C
Ri... 160 ohme ...l . brown-green—brown
- 47 ghms .. + yellow-violet-black

R3 ... Lo ohme ...l

+ yellow-violet-black

At ... 47 ohma .- yellow-violet-black
.- 47 ohmsz . . yellow-vinlet-black
«« 47 ohma yullow-violet-black
.. 47 phma yollow-viclet-black
.. 68 ohmg hlue-grey-black
.. 68 chme . blue-grey-biack
. 75 ohms vielet-green~black

75 chms
33 chma

violet-green-black
orange-crange-black
. 83 chms ... orange-crange-black
82 ohms . grey-red-biack

81 ohrmas ...l white - brown-biack
160 ohms ,,.......... brown-black-brewn

VALUE COLOR CODE A-B=C
DESIGNA;FION e hrown-black-brown )
glg RRDTRI U brown-hlack-brown
" brown-red-brown

g;z brown-red-brown
R2L o brown-red-brown
R22 o brown-green-brown

brown-gresa-brown
brown—green-brown
violet-green-black

R23 ...

75 olmns. . violet-green-black
180 ochmg . brown-grey-brown
.. 220 ohma red-red-brown
. 220 ohms red-red-brown
220 ohms red-red-brown

.. red-red-brown.

.. Ted-violet~brown

., red-viclet-brown
orange-orange-hrown
orange-grange-nrown

330 ohma .. orange-orange-brown

.+ 330 chma orange—erahge-hrown
: 156 ohME .., .uvnnvnns hrown-green-brown

. 280 ohms ,
270 ohms
270 ohms ...
. 330 chms
330 ohms

R3B..... P POPUN

)
}
)
)
)
)
)
)
)
)
)
)
}
}
)
)
)
)
}
)
)
)

=~ —— o o — — g~~~

Tnsial] the 10% (pilver or gold tolerance bahd) resistors as follows:

yellow-violet-brown
red-red-red
brown-black-red
red-red-red
red-violet-red

With one exception ail of the irimmer resistors have a value of 1K obme. The :Jizgle .d
exgeption is the trimmeT that parailels Rl. The value of this trimmer i;,'m":;:m 5 :nat
thia part will be either separately bagged or otherwise marked. Install ihis me]
the left - most C¥ gposition.

i} none  ...... ETEEEESIED .. 10¢ ohm trimmer



Install the remaining 34 1K ohm érlmmers.
() RODE ooy 34 each 1K trimmers.

() There is one solid wire jumper on the voltage divider board. Using a plece of excess
resistor lead form and install this jumper.

THIS COMPLETES PRELIMINARY ASSEMBLY OF THE KEYBOARD VOLTAGE DIVIDER
CLRCUIT BCARD, PROCEED TO THE MECHARNICAL AND ELECTRICAL PREPARATION
OF THE KEYBOARD,

NOTE: While assemhling the keyboard be very oareful not to bend the delicate gold-plated
springe or rods that comprise the switch contacta.

() There are two steel "L" hrackets attached to the resr of tho frame of the keyboard
assemhly. Using a nut driver or pliers remove the self-tapping screws holding
these brackets in place and reverse the braoket so that lhe shurt part of the "L"
points toward the {ront of the keyhoard,

() Tsing the insulated wire provided prepare thirly-soven {37) eix inch (&™) lengths
of wire. Sirip 1/4 inch of insulation from #anh and of aach of the wires and twist
und tin ihe exposed strands,

() On a broad, flat work surface placs the keyboard upside down with the rear edge .
facing you. Attacked to the rear edge of the clrcuit board that mounts the key switch
springs are a total of thirty-eight {38) noldering lugs. Begloning at the right hand |
cnd of the keyhoard, solder ohe of the wires prepared in the previous siep to each of
the solder lugs. Note that the final solder lug on the left hand end will not have a
wire eoldered to it of this point,

) Cut two T 1/2 inch-lengthe of the wire provided and strip 1/4 inch of insulation from

each end of each wire, Twiat and tin the exposed ends. Sclder one of these wires
to the remaining; left-moat tarminal lug on the switch beard.

() Connect the second of these wires o switch buss "A" (ledt hand end of the keyboard,
front rod) as shown in figure 3 by welng a pair of needle nose piiers to form an
eyve in the wire and then cloging this eye over the end of the buss rod. SOLDER
CAREFULLY,

Prepare cna end of the lorgth of RG-174/U co-axial cable as follows:

[ Strip away : inch of the outer Insulation and un-braid the exposed shield wires. Defore

twisting the braid back together clip it oif so thal there 13 3/8 inch extending bayond the .

vuter jacket then ¢lip off approximately half the strands flush with the outer jacket (this
will "thin" the wire for easa of insertion into the circuit board bole in a later step).
Twist the ramatning strands of the shield together und iln. Remove 1/4 inch of insula-
tion from the inner oonductor and twist its strands together and tin,

Prepare the other end of this cable as follows:

) Strip away 1/2 inch of the outer insulating jacket and unbraid
the axposed shield. PulE all of the unbraided strands to one
side and twist them together. When tightly twisied, cut the
strands. su ihat they extend 1/4 lnch from the body of the
co-ax, Tin the strands carefully . see figure 4)

{) Strip 1/4 inch of inpulativn from the inner conductor of _the
co-ax and twist and tin the exposed sirands.

{) Locate the .61 mnid, ceramic disk capacttor CLl. Starting as closely as pesstble
to the body of this capacitor, wrap one of the leads tightly around the previcusly
tinned shietd wire as shown in figure 4 . Make surc that the wrapping starts
close to the hody of the co-nx and proceeds outwurd io the end of the tinned bundle,
Ahaut 5 turns are ali thai are required. Carefully solder this joint and cut off any
of the excess tapaeitor lead.

(] Using a pair of needle-nose pliers form an "aye" in the end of the tinned inner co-ax

conducier, Carefully solder this eye to the left end of switch buss "B" t..lm:e to the bugs

support braciket,

[} Solder the remaining free lead of napanii.or C11 to the owber lead of switch busg."B",
At this point tha left end of the keyboard should appear as in figure 5 .

THIS COMPLETES MECHANICAL AND ELECTRICAL PREPARATION OF THE KEYBOARD,

PROCEED TO PRELIMINARY CASE ASSEMBLY,

) Using 5 of the 1/4 inch spacers and #4 X 374 wood screws supplied fasten the voltage
dvider circuit board to the rear structural member of the nase as shown in figure 6 .

Figure 4

Ingtall

()
)

)

BEGIN
0)

()
Q)

Astviewed from the front of the case the right hand edge of the board ebould be 1 1/2
inchies from the end 8f the case.

the keybeard in the case as follows: See figures 7 and 8.

Orient the case 8o that the rear is facing you,

Arrange the wirlng from the keyboard switches so that the 37, 6 inch iengths aof wi
on the Tirst 37 solder lugs come out between the keyboard frame "L" brackets while
the wire from the last lug on the right end ( a8 viewed from the fop rear) as weli as
thé co-ax and wire from she swiick buss rods come out on the right stde of the right
hand "L™,

Carefully slip the léﬁ hand end of the keyboard into the case underncath the folse ey
atéached to the case end. The keyboard must be "ecocked" slightly as shown in figure
7 so that ihe frame of the kaeyboard will clear the gueset that holds the case hottom |
in place.

Now carefully lywer the right end of the keyboard and slide the frame underneath the
edge of the control panel support platform as shown in fipure & .

Slide the keyboal"d_ forward uatil the lip of the keyboard frume engayes the glot form-
ed helween the case bottom and the keyboard [ront hold-down bar.

Tilt the case forward untii it 15 resting on its front edge and the hotiom of the vase is
facing you. Using the two #8 X 1/2 machine screws provided fasten down the rear of
the keyboard by passing the screws through the case hottom plate inta the threaded
holes in the "L"'a.

With the case returned to its normal upright position mark bwe heles on the top surfuce
of the rear structural member that are 4-3/16 inches apart. As viewed from the rear
of the vase the left mark should be about 1/2 inch from the right edge of the voltage
divider strip. and should be at least 3/16 inch from the rear edge of the member, Using
two of the #4 X 1/4 inch wood screws provided fasten the two amall "L" brackets to the
rear structural member at the positicns just marked. The unthreaded holes in the "L"
brackets will he used in this step.

Fasten I.he sample and hold circult boarli to the "L" hl‘aﬂkelb usihg two #4 X 1/4 machine
screws as shown in figure 9 . .

FINAL WIRING See figures 5 and 10.

With the rear of the case still facing you, connect the 37, 6 inch lengths of wire coming
from the keyboard to the correspending points numbered 1 through 47 on the veltage
divider ciréuit beard. The wire coming from the first golder lug on the right end is
not used here and if the previous steps have been closely followed tlus wire will be on
the right side of the right keyboard "L" bracket

There should be an exact correspondance between the lug sequence oh the keyboard
and the connecting point on the voitage divider strip, Be very careful that no wires
are crossed.

Connect the wire originating. at the right-most ( as viewed from the top rear ) lug of
the keyhoard switch ussembly to point "H'" on the 8/H (aample/'hold) eircult hoard.
BOLDER, See figare 5.

Connect the wire comitig from swilch buss A" to pumt “G" on the S/H eircult board,
SQLDER. See figure 5.

Connect the shield of the co-ax coming from keyboard switch buse "B to clreuit board
poiok "F", SOLDER,. See figure 5.

Cannect the center conductor of the go-ax to circuit beard point "E". SOLDE#.

Route the wire coming from circuit board point "C™ on the 8/H hoard behind the voltage
divider board. o that the wire will not be loose, "sew™ it in and out between the spacers
holding the voltage divider board i.n place. Connect this wire to point "H" on the voltage

- divider boa.rd.

i)

Prepare an 8 1/2 inch length of wlre by sf.rippir\g 1/4 inch of insulatiun from each end
and twisting and tihning the exposed strands, So]der one end of this wire to point "L"
on the voltage dividér ¢ircuii board,

Place the front panel face down on & soft rag to prevest miarring the finish,

).

()
)

Place a red pin jack (F1) in the hole provided as ghown in figure 10 and fasten in place
with a tinnerman put ag shown tn detail figure 11. Press the tinherman nut down flrmiy.

In a gimilar manner mount red pin jack J2.
In a similar manper mount red pin jack J3,



() Mount the 1K potentiometer R20 in the location shown in figure 10. Use two 3/8 inch nuts,
one behind the front panel as a spacer and the second on the front side of the panel to secure
the potentiometer, Adjust the rear nut so that none of the threaded shaft of the eontrol is
exposed when the front nut is tightened down. This will allow the control knob which will

be mouated in a later slep to seat as closely as poasible to the front panel. Orlent 28 shown.

{) Cut one of the leads of the 1800 ohm { brown-grey-red ) resistor Ri to a length of 1/2
inch, Cut the second lead to a iength of 1 inch, Pasa the 1 inch lead of this resistor
through the upper lug on potentlometer R20 and polder it to the middle lug. Bend Rt
around and connect the 1/2 inch lead to the bottom lug of R20. DO NOT S80LDER.

() Prepare the end of the longer of the two 5 conductor cables coming from the 8/H
circuit hoard by stripping away 1 3/4 loch of the outer insulation. Prepare the wires
exposed hy this operation hy stripping 1/4 inch of Insulation from each one and twisting
and tinning the sxposed strands.

() Route the 5 conductor cable under the control panel support platform and out through
the large hole in the platform.

With the cuble routed s abave rinake the following connections to the control panel :
() White to pin jack L. BOLDER

(3 Red to pio jack J2,. SOLDER.

() Green to.pin jack J3, SOLDER.

{) Brown to the lower soldering lug of R20, BOLDER TWQ WIRES,

{) Black to the upper soidering tug of R20, SOLDER TWO WIRES,

{) Use four #4 X 1/4 wood sorews to mount the contrat panel. Be sure to center the
parel so that it completely covers the hole in the contrel panel support platform.

(} Using the cable clamp provided and ane #4 X 1/4 wood sorew take up the slack in
the eable going to tha contro! panel by clamping it to the left-hand case end plate,

In a'later step the keyboard low-end adjustment potentiometer will be aitacked to the case
cover. Iu ihe following steps you will be working with the control un~attached to any panel.

() Cut ane lead of the 270 yhm ( red-violet~brown ) fixed resistor R4 to a length of 1/2
ineh. Cut the othexr lead to a leagth of 1 inch.

{) With the 1K pobenﬁumater R21 criented so that the shaft is pointing away and the solder
terminals are up, pass the longer lead of R4 through the hole in the right hand solder lug
and connect to the middle lug. S0OLDER THE MIDDLE LUG,

() Bend R4 around and conneet the free ond to the left band solder lug, DO NOT SOLDER.

A} Connect the wire originating at point "L" on the voltage divider circuit board ic the left
hand lug of R21. SOLDER TWO WIRES, -

) Conaect the wire originating at point "D" on the 5/H circuit board to the right hand lug
ef R21. SOLDER TWO WIHES, . .

Build up the power bus agsembly ag follows: See figure 12,

[ Weight down the mounting tab of one of the 4 lug terminal strips so that the strip stands
upright. Place two of the 17 inch nickel plate bus bars supplied through the outer lugs
in the terminzl strip. Note that these rods go through the hole that cinches the fug to
the phenolic gtrip and not through the top part of the terminal. Arrange the rods so
that approximately 1/4 inch pushes completely through the terminal strip and is exposed
on the far side. Place a second terminal strip approximately half way slong the rods to
act as a temporary support. Solder together the rods and the end terminal sirip. This
atep will require considerahle heat but there 1s nothing that can be damaged during soid-
aring. . :

() Slide the terminal sirip that was acting as & support up to a posttion about 6 inches
away from the Yerminal strip soldered In pisce in the above step, Slids a third terminal
strip on to the rods o act as a temporary suppoert, Sclder the second termninal strip in
place.

) Slide a fourth terminal strip onto the rods and arrange it so that about /4 ineh of the
rods passes compietely through the strip and axiends beyond the other zide. Bolder
thia terminal strip in place, . ’

{) Slide the unsoldered terminal strip from two staps sbove to a position about 6 inches
from the terminat strip just soldered in placs sad solder it down. :

(1] Slide a thizd rod through the holes in the bus assembly terminal strip lugs, (use the
lugs that are not part of the mounting hracket) and solder in place.

AT THIS POINT THE POWER BUS ASSEMBLY IS A FAIRLY RIGID STRUCTURE AND MAY

BE MOVED ABQUT.

() Place the entire power bus assembly on the power bus support rod in the case so that
the end terminal strip is about 2 inches from the right hand end of the rod as viewed
from the Iront eide of the case. Fasten the bus assembly in place using 4 each #4
X 3/8 inch wood screws, one through cach of the terminal strip mounting lugs. If
possible, pre-drill the holes for the wood screws with a 1/16 inch drill.

{) flide the remaining rod through the holes in the terminal strip lugs and solder in place,

Make the following connections between the power bus aseembly and the 5 conductor cable
previously connected to the power input points of the S/H circuit hoard, Make the coanections
directly to the soldering lugs on the left hand end of the power bus but DO NOT SOLDER AT
THIS TIME, .

() The red wire o the npper-most lug.

() The brown wire to the second lug dowan.

{) The black wire to the thﬁrd lug down.

{} The white wire tc the bottom lug,

AT THES POINT YOU ARE READY T¢ BEGIN MOUNTING THE UPPER CASE SHEET METAL
AND LOWER MODULE SUPPORT BRACRET,

i) Remove the paper backing of the 31" foam strip supplied and adhere thig foam fo the lower
shorter side of the wooden bracket spacer as shown in figure 13B. Note that this foem strip
must clear the holes in the end of the bracket spacer. . :

() ‘Pass the two #4 X 1-1/2 wood screws through the Iower module aupport bracket and
the corresponding holes in the wooden bracket space as shown in figure 13A, AT THIS
POINT THESE LONG SCREWS ARE BEING USED ONLY TC LOCATE THE PROPER
RELATIVE POSITIONS OF THE BRACKET SPACER AND LOWER SUPPORT BRACKET.
DO NOT FASTEN THIS ASSEMBLY TO THE CASE AT THIS TIME,

{) Fasten the lower module support bracket to the weoden bracket spacer using two of the
short wood screws provided (NOTE: some kite may contain only self tapplog sheet
matgl gorews. E this 1s the case in your kit substitute these for the woodserews in
this step.} .

{) Temporarily mount the upper case sheet metal to the cage by passing two short wood
screws through the upper surface of the sheet metal into the wooden end pieces. NOTE
that the mounting surfaces for the npper case sheet metal have heen cut alightly under-
sized to-allow for exact positioning of the front edges of the sheet meial and the case
wood-ende. - This may cause the rear edges of the corners of the sheet metal and wood-
ends to be separated slightly but this will not matter. Do not install the screws in the
rear of the case at this time.

(] Temporarily set the lower module support hracket and attached wooden bracket spager
oo top of the keyboard across the width of the case. When flaally installed, the frant
edge of the short bottom side of the bracket spacer will be roughly even with the rear
most edge of the accidental (black) keys of the keyboard,

{1} Attach the twe 47 X 1/2" chrome steel bracket locating strips to the apper case sheet
metal uging two of the self tapping serews provided. Nate that the secand holes in from
each end of the sheet metal are used in this step as shown in figure 14,

{) Fasgten the lower edges of the bracket locating strips to the lowsr module support bracket
at the holes corresponding to those used on the upper case sheet metal.

AT 'PHIS POINT THE BRACKET LOCATING STRIPS EXACTLY SIMULATE TWO MODULES
BEING IN PLACE AT OFPOSITE ENDS OF THE CASE AND THE LOWER MODULE SUPPORT
STRIP IS CONSTRAINED TO THE POSITION FT MUST OCCUPY IF FUTURE MOIWLES ARE TO
FIT THE CASE,

0) Use the two #4 X 1-1/2 wood gerews, two 1/4" spacers and us many flat washers as are
required to mount the lower modute suppori assembly in ptace. Typloly, two washers wiil
be required on eath end and these are to go on elther side of the spacers. At this point the
bracket locating' strips and upper case gheet metal may be removed. - The lower module
support assembly 1& pot & very rigid structure at this point so be careful not to break 1t It
will become rigid sgain when modules are mownted, ;



WE MAY NOW FINISH THE CASE ASSEMBLY BY MOUNTING AND WIRING 1IN THE POWER
SUPPLY MODULE AND RE-INSTALLING THE UPPER CASE SHEET METAL,

{) Cut four pieces of wire to 10 inch length and etrip 1/4 inch of insulation from sach end
of each of the wires.  Twist [he four wires into a bundie,
{) "Using 4 pair of needle-npze pliers mount the four "flea' clips in the "-H4n, ofer naLar
. s UE

and "-" points at the rear edge of the Power Supply circult board. Solder these clips
in place, See figure page 12,

() Using the four wire bundle just prepared connect the power output points of the Power
Supply Bus Rod assembly. - Make the connections directiy to the solder lugs that
_already have the supply connections for the S/H clroult board attached to them.
]glake sure that the "+ wire from the power 8upply connects to the upper rod of

© Power Bues Assembly, the "+ to the second rod down, the "= " to the thivd
and the ""-"" to the lowest red. Solder the two wires connected to each of these lugs.

() Fasten the lower edge of the Power Supply front panel to tho lower module support
hracket uging itwo of t_he short eelf-tapping sheet metal screws provided. Make sure
that the power cord from the power supply module passes over the top of the rear
case structural member that mounts the $/H and voltage divider .circuit boards.

() Motnt the low-end keyboard adjusting pot to the upper case sheet metal by passing-
fts shafl through the circular 3/8 inch hole provided and using u single 3/8 inch nut
ta fagien it in place, No knob will be installed on this cantrol.

() At a point 5 inches from the rear edge of the eircuit board elam

the strai Li
onie the line card, P e o

{) SHp the strain relief tato the noteh provided on the pear edge' of the upper case sheet
metal and re-insta]l this upper case part. Note that the notoh that containsg the atrajn
relief is "closed" by the rear case structural member, .ihereby securing the strain relief.

() Use six shr_)rt'wood screws to securc the upper case. shéet metal to the wuoci-ends.

{1} Use two of the seif-tapping sheet metal screws. provided to fasten the upper edge of
the power supply front panel to the upper case sheet metal,

{) Ratate the shaft of pitch control R20 fuﬂy counter-clockwise and install the knob go
that the pointer ie directed toward the. "7 G'Ciock" point of an imaginary elock face.

THISE COMPLETES THE.ASSEMBLY OF. THE 2?20-& KEYBOARD/CASE, - .

JUMPE it LEADS

The flexible test lead provided 1s 1nﬁ_anded to be used for both control voltage and audic -jumﬁers. Since
the grounds of all the medules in nee within a single system are common through the power supply,
grounds from one module to another are not required ag pari of the jumpers., The cable or cables that
eonnect the output of the syathesizer to the audio amplification system muat be provided with a groundg,

TESTING AND CALIBRATION .
During the calibraticon precedure you will be working with a VCO that has been roughly’

- calibrated fellowing thé turing procedure cutlined in the assembly munual for that module.

The purpese of that procedure was to make the input voitage/output frequency respanse

" conform ag closely as possible to the graph shown in flgure 15. Whilé the slope of this

line Is fot super eritical - gmall variations can be compensated for at the keyboard -
the fact that it interseets the origin (zero frequericy for zero control voltage) is of critical
importance, . . . B .

To ciarify this some, assiime for a moment that when the ogcillator was calibrated errors

in the VOM caused the actual response of the VOO to be 48 shown in figirets. This gi"aph

is exaggerrated but it is typical of the-errors that oceur in actual practice. Performing the
first part of the calibration procedare that will foliow woeld set up the three octave interval -
from Cg ta Cy.  Everythbing &s fine to this point, it doesn't reuliy matter that the low end of the
keyboard is about .45 volts rather than the design vaiue of . 625 hecauge the trimmers op the
voltage divider can make up the difference.” ’ '

Now the problem. When wé try to drop the keyboard an actave by pushing the Cyg key and
cranking !aa'cl_: the pitchk knob until we hear C4 we discover that the rﬁgt of the keyboard is

no longer n fune. TI'Je reason is that turning the plich keok has thé effect of dividing the
voliage at each tap on the divider oy a 'constant faatar {. 493 In this cage) but when the voltage
al the low end of the keyboard 15 divided by this term the result is . 22 volts - corresponding
io 2 nate aonsiderably higher than the intended Cy. S

A part of the keyboard ealibration procedure will ba asnoerned with calibrating the response
curve of the VCO so that b foed"in fact intersmot the origin, Two methods of culibrating the
keyheard will be cutlined, “The firet method usss p osolilosoope and signal genérator while

the second methed relies on a tuned musical instrument us & pitch reference, The purpeses

of both of these procedures will he the sume; {first to exacily calibrate the voltage drop from
one énd of the kevhoard to the other and secondly to sei the proper voltage intervals using ihe
trimmer potentiometers. Neither method has an appreciabte edge as far as accuracy or
simplicity of procedure is concerned.

Connect your VOO to the power bus zssembiy, the "+ power supply point goes to the second
rod from the top, " + " to tho third from the top and ''-'" to the bollom rud, Further adjust-
ment of the osciilator's internal adjustments may be reguired go do not permanecatly mount

the VCQ at this time.

METHOD #1, USING TEST EQUIPMENT

As shown in figure17 arrange the VCO, an audio generator and escilloscope so that the "scope
will disptay a Lissajous figure such as those shown in figurcaiBthrough 22. Bet the frequency
of the audio Qenerator to 2640 Hz and apply a control voliage to the VCO so that a pattern appears
on the 'scope. Adjust the vertical gain of the 'scope and the cutput of the audio source so that
the pattern fills the screen. Allow the VCO to run for about 10 minules so that temperatures can
can skabilize.

Before starting the calibration procedure sct. all trimmer potentiometers on the keyboard voltage
divider ¢ircuit board to he mid point of their rotation.

{1) Remove $he extornal control vollage source from the VCO and set the low end trimmer
potentiometer (R21 located at the rear of the case} to about the mid-point of its rotation.

{2) Preas and hold the highest key of the keyboard (C) and adjust the "plich” knob {R20 lucated
on the keyboard control panel) for the pattern shuwn in figure 2indicating that the output of

the VCO is exactly 4 times the reference requency. (NOTE: you do nut expect that the

test oscilkator wiil he any closer than about 5% to exactly 260 He., but because the frequency
remains the same and Lissajous paiierns are used to set the VCO to exact multipies of thal
reference it doesn't matter that the reference is not exact, Similarly, it is of little impor-
tance that 260 Hz. is not exactly C).

(3) Press the lowest C key on the keyboard {firat key) and adjust low end trimmer R2 for

{he Lissajous patiern shown in flgure 19 indicating that the VCO is exactly half qf the reference
frequency.

{4} Once again press the highest C and check to see if the frequency has changed slightly

(it probably has), Readjust the pitch knob for the pattern shown ic figure22.

(5) Go back and forth between the highest and lowest C until the palterns corresponding to
these keys are stable without Turther adjustmeni. {(a alight retation of the traces is accept-
aple, as tong as you are able to recognize them)

() Press and hold the highest C key while rotating the pitch knob counter-cleckwise untit
the point is reached at which the scope displays the pattern shown in figure2] indicating that
the frequency ol the VCO 1s exactly twice that of the reference,

{7y Press and bold the Lowest C key and observe the gcope trace. If it books like figurelB
(indicating that the VCO 18 running at 1/4 ihe frequency of the reference} you're in business.
Procede with setting the intervals starting with gtep 8, If the trace is not as shown in figure18
{and chances are it won't be} adjust the ZERO CONTROL OF THE VCO (R4} until you get this
trace. Repeat steps 1 through 7 until the patterns displayed in each step are siable { or
experience onky a slow rotation} without further adjustrment of the keybeard low end trimmer
or the VCO zero trimmer. ’ C .

(8) Once again press and hold the highest key and rotate the pitch knob clockwise untfl the
‘ascope shown the pattern of Higure22. :

(%) The trimmers for the iniermediate C's of the keyboard are marked with arrowheads on
fhe voltage divider cirveuit board. Prese and hold the key corresponding to the higher of these
two intermediale C's and adjust its trimmer potentiometer witll the pattern shown in figure 2l
is displayed on the 'scope.

(L0) Similarly, press and bold the key corresponding to the tower of the two intermediate C's
and adjust it's trimmer for a stable trace like the one shown in Hgure20. NOTE: If u change
of more than 459 of the rotation of the trimmers in steps 9 and 10 is needed to produce the
required patterns it may indicete a solder bridge, cold solder joint or improper resistor
placement on the voitage divider cireult board.

(11) Lower the keyboard an octave and check the traces of the intermediaie C's against
figures}? and 20. NOTE: It 18 possible that there will be slight non-linearitles in the
response of the VOO that eause the intermediate C's to differ alightly ae-the piteh eantrel

i chaniged, For either of these C's it may be necezsary to "split the difference" for optimam
performance. Remember thit you are seeing very small changes in Freguency when using
Tdessjous patterns. In figure 19, for example, a complete rotation of the pattern every E‘econd
porresponds to 1/2 cycle per second difference hetween Lhe VCO and reference frequencies.,
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‘brackeis sHghtly,

a0 major Intervals of the keyboard are now set and you've gone as far as you can go using
commnanly avatlable test equipment. At this poiut you can either set the semi-tone intervals
by enr or with comparison with o tuned musical instrument, Ton't suoft at the "hy car's
method, most people can come amaringly eloge once they have the cotave intervals set.

{if you can't bear a difference dues the dificrence really mutter?) Adjust the pitch of each
noke by gettlng the corresponding teimmer potentiomaeter on the keyboard voltage divider
cireuit board. DO NOT ADJUST THE "C" TRIMMERS,

METHOD #2, USING A TUNED MUSICAL REFERENCE

Connect the Pulse output of the VCO to the linc level input of a h~fi or instrument amplifier as
and temporarily jumpor a constant conlrol voliage (from ona uf Lhe power supply bias sources)
to ene of the control voltage iuputz. Allow the VCO to rua for sbout 10 minutes to allow temp-
eratures to atabilize. Jumper the "out” pin jack from the keybeard controf panef to ‘the left
hand eontrol voltage input pin jack and center all trimmers on the veltage divider etredt bosrd
ug well aa the piteh and low end trimmer potentiomaeter, .

{1) Press and hold the highest ¢ on the keyhoard and adjust the pitch knob for zevo heat
between this nole and the second C above middle € on the reference nstrument.

(2) Press and hwld the lowest C on the keyhoard and adjust for zero beal between this note
and the C below middle C oo the 1‘eferen:'e instrwment.

(3} Go hack and forth between ﬁtep:, 1 'md 2 until there is zevo beat for bolly notes without
further adiustment.

(4) While holding down the highest C on the keyboard turn the "'pitch” contro! ¢ounter-
eclockwise until the note produced is zero beat with the € above middle C of the reference
instrument.

(5) Check the lowest C on the k.s_yboard. if il is zero beat with-the second C below middle
C of the refevence instrament you can proceed to step 6. If the two notes are not the same
zero beat them by sdjusting the ZERO CONTROL OF THE VCO . Hepeat steps 1 through 5
until all notes are identical without any adjustment of cither the VCO zero trimmer or the
keyboard low end trimnier.

(6) Once the high and low end adjustments ave tnwle on the keyboard and VGO the two inter-
mediate C‘s may be el by using the pitch contrnl to return tho highest C Lo zero beat with
the second C above middle C tiven using the designuied trimmers on the voltage divider
eircuit boerd to uere boat thig secend and third C down the keyhoard with the G above middle
C and middie G respeetively, .

{7) Press each key in turn and adjust the trimmer potentiomeier corresponding to that key
for zero beal with the eorresponding note on the tuned rofervnce instrument,

ADDING FUTURE MODULES

There 1s limited clearance between the rear of the keyboard and tha
positione cccupied by the modules in the gase. 1ho module elreuit
boards must be perpendiculer to the front pansl if ibe oircuil board
8 not Lo touch the back edge of the keyboard, Lock washers must

be used on cach of the fonr 4-40 serews that attach the circuit boards
und front panels to the "L" brackets. If there is a sHght "droop' to
the clrcuit board i can be cured by using pliers to be.nd the "L"

Miniatare "flea” clips are e.uppheﬂ with each of the PALA 2720 series
madule kits, These clips are to be installed in the power inpulb points

of the eircuit boards wier they are mounted in the 2720-2 Keyboard/Case.
Always be cantlous thet there is a direct correspondanee between the
power supply points on the modules that you are installing and the voltuge
suppled by the point of conpection on lhe PoweT Bugs Rod Assembly,
Remember that the voliages present on the rods are decrensing magnitude
from upper te lower with the topmost rod being-*5+4' and thk lowest rod "-*'.
Power connections at the buss rode need not be -meéchanicly secure and
in faet, 2 simple "L bend in the pre-tinned lead from the module being
inatalled may be looped aver the rod at uny point and soldered in place.
The buss rods &re pre=-tinned and scldering to them should present no
problems, H v module ever neede fo be removed you will be glad that
you éidn't wrap several turns around the red, X
Mechanicly, all modules are instailed as was the Power Supply. Place the module in the
desired position and fasten it in place with ag many self-tappiog screws as there are mounting
holes ih the module’s front panel, The appropriate number of serews required for mounting
each module should be supplied with the module kit.

Tlank phnela in triple, doubie and single widihs with mounting holes are available from the
factory,

part #

Prices are: single width $1.50 2720-BP1
double width 2,00 2720-BP2

triple width 2,50 2720-BP3

‘T'he apprepriate panel needed to £ill any gaps in package purmésea are included with the package.
USING THE 2720-8 KEYBOARD

The purpose of any controllsr is to provide a manaally varighle source of voltage which can he
used to change tbe parameters of any of the modules, )

If the controlier iy to be a type of keyboard there are some additlenal dosign ohjectives that
must be added to simply generating a voltage, For instance, for maximum versutilily fhere
should be some way to signal the rest of the modules when a key 15 pressed and when it iz
released. The 2720-8 provides these features by supplying two iypes of trigger output func-
tions,

The first trigger outpul is a vollage step that goes high when any key is pressed and staya

high untit all keys are relessed. This trigger could be used direetly a5 a control voltage but

it will most uften be nsed to start the 2720-4 Function Generator. Using this triggey will cause
the outpat of the Function Generalor to remaln high 28 long as any key is held down ( see 2720-¢
Ingtruction manual and '"Using the 2720 Bynthesizer” for further details).

The seeond Lrigger output i8 a short duration voltage pulsc that rises whenever any key is
pressed. All kays must be released before anciher pulse can be generated. This trigger out-
put will zleays be used as an initiating pulse to the Funetion Generator a8 desuribed in the
2720~4 Functivn Generator instructivn manual.

Mauny of the effects produced using the 2720 wili uge the end of the voltage step brigger cubput

as a mignal Lo besin processing the decny portion of the sound. Since the atep does not end until
the keys are released there must be some way to hold the voltage that 1ast appeared at the oui-
put of the cuntroller; otherwise when the key is released the controiler output will drop to zero
causing the VCO (or other module connected to the Controller output) tc go to its zera control
voltage condition (ho output in the case of the VCO). The sample and hold cireust that is part

of the conirelier package Soives this problem by serving ss a short iexm analog memory. Every
time # key is pressed the 5/H will store the voltage corresponding to that key for a period of time
grealer than 20 seconds or until the next key is presaed. No apologies need to be made for the
Sampie and Hold, it is one of the best destgns available and even through 20 seconds way not look
like 2 long time it 1s more than long enough for practicly any application.

The design of the controtler provides for three octaver of kay selectable control voliagy bul
since the range of the VOO s coneiderably greater than three octaves provision hag been made
for raising or lowering the keyboard a full cctave, thereby giving it a four octave capabllity.
The pitch knob can also be set to any pesition between the extremes of its rotation without
altering the chromatic tuniap of the keyboard, Manuak glissando o very slow tromolo can be
added to 4 note simply by helding duwn the key and rotatiog the pitch kaoh.

Presaing two keye simultanedusly will not produce the potes corresponding to hoth keyg (since
only one conirol voltags can be generated at any one time) bui it wilt produce a tone somewhele
hetween the notes. Many interesting non-chrumatic melody itnes can be produced by presging
twa koys at the same time.

QPERATION OF THE CONTROLS IS AS FOLLOWS:

KEYS Pressing any key causes & pre-set voltage to appear at the coatrol voltage output jack,
In most cases these voltages will be set to generate a chromatio scale but other Lunings are
pesgible.

PITCH  The pitch knob on the control penel ailows the entire keyboard ic be lowered an octave
from the standard tuning. Counter-clookwiee rotation of the knob decreases output voltage for
ary given key,

STEF The uppermolt pin jack on the control panel provides access to & voltage that changes
Trom D volts to b volts when any key is pressed, This voltage remains st the high level ak long
a8 the key is held down.

PULSE  The middte pin jack provides sccess so ¢ short duration irigger pulse that is genera!.ed
‘when any key is pressed. All keys must be relessed for the pulse generator to re-ae{ before it
can produce ancther pulse, Re-pet time is whort, on the order of one ten~thousandth of & second.
(.0001 aee. )
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Reduced to bagies the controller is nothing more than a switch controllable voltage divider
but it starts to get a litile mere complicated as "houeeleeping” functions are added. In
addition to the voltage divider the circuit lncludes both the curvent source, trigger cireuil
and sample/bold circuitry,

The constant current source is 2 standard destgn bullt around Q1 and using the voltage drop
across the series combination of D1 and D2 as & reforence. The output of the current source
is regulated by changing the d.c, feed-back with emitter resiator B20. The current source
feeds the voltage divider shown in figure 23 and repregented by Ry in figure 24,

The voltage divider 1s implemented with a string of flxed and variahle resistors as shown in
figure 23. In order thar the voltage output of the string be exponential, to duplicate the
exponential nature of the equally tempered mustesl soale, the resistance values are caleulai-
ed and selected so that the resistance of any parnilel palr in the string is approximately

1.059 times preater than the Tesistance of the palr directiy below it. "Thig s furlier discusg-
ed in the 2720 Uger's Manual. n order to compensate for folerance pile-ups over the length
of the voltage divider, the trimmers for the vctave points corresponding to the two middle C's
of the keyboard are arranged so.that they can raige and lower the voltage at those pelnis over
a6 to & semi-tene spread rather than through a single semi-tone 23 are the other trimmers.

There are two sets of eontacts associated with sach key. The firgt set of contacts switches

4 voltage from the voltage divider corresponding to the key preseed and applies it to point "E'*
inflgure 24, The second eet of contacts are common to all keys and closes whenever any key
is pressed. This set of contaets causes the 5/H to store a new sumple and algo provides the
step and pulse trigger outputs. .

When any key is pressed it first causes the voltage plck-off switch to close, thereby applying
2 voltage corresponding to the gosition of the key te be applied te C1, whicli 1s simply an
integrating capacitor to by-pass any noise that might be generated by dirt on the contacts,
Next, the switch common to all keys cloges, and this Bet of contacts does g pumber of things,
A voliage beging to fiow through the resistance slring consisting of R11, Ri5 and Ri6. The
curcent flow through R16 causes a voltage drop to appear actoss this resiator and this voltage
is applied to the pin jack J2 where it serves as the step cutput. The step is differentiated by
C5 and appears at pin Jack J2 as the pulse output. Dlode DS serves to shunt to ground

the negative pulse that would appear when thc step returned to zero.

The current flow through Ril causes a voltage drop that allows current flow through R12, to
turn on Q4. With @4 en, current can flow through R18, R14, D4 and D5 1o ground, Thig
current flow raisea the junction of R13 and R14 to a voltage that is high enough to insure
that the Field Effect Transigtor Q2 will be turned on (this FET will be covered shortiy).
The voltage that appears across the geries string of R15 and R16 causes C4 to charge
through the forward-biaged D5, the significance of thie will be shown presently,

The Bample and Hold circuit can further be broken down into 4 comparator {IG-1}, a high
tmpedance FET source follower (Q3) and a switch {Q2). The comparator ig constantly
camparing the input from the keyboard to the cutput zppearing across the load vesistor

of the gource follower (R10}. The state of thig comparator has no effect on the hoiding
capacitor C2 (and consequently the output of the source follower for which this ecapacitor
Ls-an input) until the switch Q2 is turned on. With Q2 "on" the compatrator works to make
the voltages at its "+ and "-" inputs idestical. When the voltages are identical the cirewmié
ie tn a balanced condition, : ) :

Whey the key i3 roleased Q4 turne off whick removes the current flow through T4 and D3, -
SEmultanecusly, the positive side of C4 is allowed to go to ground through Ri5 and R16. In’
this configuration the negative side of C4 is connected to C10 through D4 and D4 -1g foiward
biaged for these conditions, the charge that was ou C4 now "dumps" onto £:10. and since the .
posttive side of C4 ia at ground, the ungrounded end of C10 is pushed sbout 15 volts négu!vé ’
with respect {0 ground. Thig high negative voltage Is applied to the gate of Q2 therehy tumming
this FET off, All possible leakage paths for the voltage across Q10 pre at this point either
reversé biased diodes, "off" trausisiors, or the veverse biared gate junction of Q2. Biace
there is no diacharge path for C10 its voltage remains high and hoids Q2 off for an extended
period of time.

With Q2 off, the helding capaciter C2 is isolated from any discharge paths but the voltage

across this capavitor still serves as the input for the source follower 2o the outpst voltage
ak point "L" does not changa,

Q5 and Q6 serve as capacitance multipliers for the filter capacitors C6 and C7,
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