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THEORY OF OPERATION OF AR-313 * * * KFYBOARD INTERFACE
(WITH AR-311 KEYBOARD)

The AR-311 keyboard has a string of 60 precision 10 ohm resistors
in ser ies, forming a vo l tage d iv ider. One end is grounded,
i he other end fed by a constant-current source, consist ing of

1 and R124, biased by R122, R123, D62, and adjusted by Pi. one
sec of key contacts connects a d i f ferent tap on the vol tage
divider to the bus cal led "KBD,VOICE". The lowest key connects
to the grounded end, and the highest key to the other end, of
t h e d i v i d e r. W h e n o n e k e y i s d e p r e s s e d , t h e " V O I C E " b u s w i l l
have a voltage proportional to the number of keys up from
ground. The current source is . adjusted for 1/12 vol t per key,
or 1 volt per octave. When two or more keys are depressed
simultaneously, the "VOICE" bus voltage depends only on the
pos i t ion o f the LOWEST key, s ince the cur rent th rough. the res is tors
between the lowest, key and ground is constant. However, the.
vol tage at the. top of the div ider (connect ion cal led KBD HIGH )
w i l l d rop by 1 vo l t f o r each oc tave in te rva l be tween the lowes t
and highest keys depressed simultaneously. When only one key is
depressed there is no change in this voltage from no keys
depressed. Th is vo l tage w i l l be 5 vo l ts (1 vo l t per oc tave
t i m e s fi v e o c t a v e s l .

In add i t ion , there i s a second se t o f con tac ts , ca l led "Keyboard
Gate Switches". Each note has a capacitor (CI thru C61),
resistor (R6.1 thru R121) and diode (Dl thru D61) . The rapacitors
are normally charged to +15 volts. When a note is depressed, the
capac i t o r d i scha rges pa r t i a l l y t h rough the d iode i n to t he
resistors R132 and R133, causing the voltage at the output bus
to momentar i ly reach about +14 v. The capaci tor wi l l d ischarge
un t i l t he IM res i s to r supp l i es enough cu r ren t t o equa l t ha t l os t
through R132, at which t ime the bus vol tage wi l l be 2.4 vol ts .
I t w i l l remain a t th is vo l tage as long as the key is he ld down.

Now, when any one key is depressed, there are 4 signal paths

A. The voltage at pin 3 of op amp U3 wil l reach 7 volts, then
remain at 1.2 vol ts , due to the d iv ider R132 and 133. (C66
fi l te rs ou t any con tac t bounce no ise . ) U3 ac ts as a compara to r,
since i t is open-loop. The voltage on pin 2 is biased by R134 and
R135 to +0 .7 vo l ts . There fo re , the ou tpu t w i l l normal ly be
-15 vo l t s , bu t w i l l j ump t o +12 vo l t s ( sa tu ra t i on vo l t ages o f ,
U3) when a key is depressed. This turns on FET switch Q2, which
charges up holding capacitor C64 to the voltage on the "KBD.
VOICE" bus, which" is buffered by vo l tage fo l lower U9. This
same positive output from U3 is inverted by U4A (1/4 of a quad
2- input NOR rate), \Thich goes to logic "On level (near Ov) .

.U4B w i l l have 'a s im i l a r " l ow"ou tpu t un less -bo th i npu ts (p ins
12 and 13) are low.
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B Capacitor C75 couples a momentary pulse (0.8ms) of about
+14 vo l t s in to Dar l i ng ton emi t te r fo l l ower 04 , wh ich coup les
the pulse into pin 3 of U6. U6 is a"one shot" whose output
(o in 8) firs t goes "h igh" (near +5 vo l ts) when turned on by
the pulse at pin 3. After a delay of 7ms (determined by C69),
the output goes" low" aga in . Meanwhi le , when the output fi rs t
coes hiah, U4B now has one input low and one high, so its
output stays low. Therefore, the output of op-amp comparator
U5 stays low (-15 volts.) This keeps pin 1 of U6 low, vrhich
enables Pin '3 input to work.

However, after the delay of 7 ms, pin 8 of U6 goes low again.
Assuming the key is st i l l down, th is means both inputs of U4B
are low, so i ts output (p in 11) goes high.This turns on U5
(+12 volts) which causes a gate (+10 v) to appear at the
GATE OUTPUT. Notice that the gate is delayed, to give the
sample hold (02 and C64) a chance to acquire the correct
keyboard vo ice (cont ro l vo l tage) be fore the gate tu rns on.
C Th e t h i r d s i g n a l p a th i s t h r o u g h U 4 C , " h i c h i n v e r t s t h e
0.8ms pulse through C75. The resul t ing negat ive pu lse (actua l ly
from +5v to around 0V ) is coupled through emitter fol lower Q5
to pin 2 of U7.

Now, before depressing the key, pins 3 and 1 of U7 were low,
and pin 2 was high. When the" key is depressed, the rising gate
at U5 output turns on the output of U7 (pin 8) for a t ime of
1.6ms, determined by C71, af ter,which i t goes low again. This
pulse is amplified by op amp comparator U8 to produce an
output t r igger pu lse o f +10 vo l ts and 1 .6ms durat ion,
s imul taneous wi th the star t of the gate output . 10 microseconds
af ter the s tar t o f the qate and t r igger, however, C70 charges
enough to tu rn on p in l ' o f U7 . Th i s i nh ib i t s t he i npu t a t
pin 3 from keeping the output of U7 on.

Inc identa l l y, the connect ion o f U5 's ou tpu t to p in 1 o f U6
prevents addi t ional pulses due to the depression of more than
one key from turning on U6, which would cause a momentary
"no tch" in the ga te ou tpu t

Now back to U7. A l though the pos i t ive input a t p in 1 inh ib i ts
o in 3 f rom ho ld ing U7 h igh, p in 2 is s t i l l f ree to ac t . When
one or more keys are held down', any addi t ional key wi l l st i l
generate a pulse through C75. The resul t ing negat ive pulse
pin 2 of U7 wi l l cause i t to generate a t r igger pulse. ■
D. The. fourth signal path in from the "KBD VOICE'' bus.As
already mentioned, Q2 turns on as aoon as a key is depressed,
charging C64 to the r ight contro l vol tage. When the key is

-released, Q2 is open, and the high impedance fol lower
consist ing of Q3 and U10 buffers the vol tage on C64, wi thout
d i scharg ing i t . Th is c i r cu i t , t hen " remembers " the keyboard
bus vo l tage.

Now, U10 and fo l lower Ul l comprise a feedback c i rcui t to g ive
two types of var iable lag (Portamento) to changes in the input
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With S2 in the l inear
across C64 will immedi
p o s i t i v e , s i n c e i t i s
the coun te r -c lockw ise
wi l l charge exponent ia
nears the new input vo
t i m e , n e u t r a l i z e t h e i
voltage across C79 is
vo l tage o f 12v, the ra
l i n e a r .
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mode,a posi t ive change in vol tage
ate ly cause U lO 's ou tpu t to go fu l l y
open loop. Then, C79 wil l charge through
sec t ion o f P3 , the Por tamento par t , I t
l l y toward about 12 vo l ts , , bu t as i t
I t a g e , f e e d b a c k f r o m U l l w i l l , a f t e r a
nput of U10.Since the tota l change of
sma l l compared to the in i t i a l charg ing
te o f change in output vo l tage is near ly

M

On the other hand, put t ing S2 in the "normal" posi t ion adds
negat ive feedback around U10, prevent ing i t f rom saturat ing.
This causes C79 to charge exponent ia l ly, except for large
keyboard in terva ls , when some satura t ion does occur a t fi rs t .
Thus, the "normal" posi t ion is a compromise between exponent ial
and l inear por tamento.

The ou tpu t o f U l l i s coup led in to U12 , wh ich i s a d i f f e ren t ia l
a m p l i fi e r. U l l ' s o u t p u t a p p e a r s a t U l 2 r s o u t p u t n o n i n v e r t e d ,
with unity gain. Thus, the VOICE OUTPUTS are 1 volt per octave.

The tuning pot , P4, provides a var iable vol tage f rom +15v to
-15v- (0 vo l ts in the center ) . However, there is a range near the
center where the voltage, after being divided by R165 and R166,
is less than the forward drop of D69 and D70, so v i r tual ly
no voltage appears across- R164 and R163. When this range is
exceeded, however, the. resul t ing posi t ive or negat ive vol tage-
gets inverted and summed into the VOICE output, detuning the
no te fla t o r sharp , respec t i ve ly. The "dead space" in the midd le
o f P 4 ' s r o t a t i o n p r o v i d e s a q u i c k r e t u r n t o o r i g i n a l t u n i n g
(for example, concert pi tch, where A=440 Hz.)

There is one addit ional signal patch when more than one key is
depressed s imul taneously. This lowers the"KBD High" vol tage f rom
i ts normal 5 vo l ts va lue. The vo l tage is buffered by Ul , and
inver ted by U2, R154 compensat fo r the normal 5 vo l t leve l
so the AUX VOICE output is normally near 0 volts. The AUX VOICE
INTERVAL trim, P2, adjusts the gain for 1 volt change in the AUX
VOICE output, per one octave interval between the lowest and
highest keys depressed.When summed with the regular VOICE
output, by pluggi ng both into the. same VCO, the VCO will respond
to the highest note played. Together with another VCO only
connected to a VOICE output, two notes can be played together.
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